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LEGISLATIVE HEARING ON S. 1733, CLEAN 
ENERGY JOBS AND AMERICAN POWER ACT 


WEDNESDAY, OCTOBER 28, 2009 

U.S. Senate, 

Committee on Environment and Public Works, 

Washington, DC. 

The full committee met, pursuant to notice, at 9:30 a.m. in room 
406, Dirksen Senate Office Building, Hon. Barbara Boxer (chair- 
man of the full committee) presiding. 

Present: Senators Boxer, Inhofe, Baucus, Carper, Lautenberg, 
Cardin, Sanders, Klobuchar, Whitehouse, Udall, Merkley, 
Gillibrand, Specter, Alexander, Voinovich, Bond, Barrasso, and 
Crapo. 

Senator Boxer. The meeting will come to order. We are very 
happy to see the witnesses here. We are going to have 2 minute 
openings today and rounds of 5 minutes each. I am going to pass 
on an opening statement and call on Senator Cardin. 

OPENING STATEMENT OF HON. BENJAMIN L. CARDIN, 

U.S. SENATOR FROM THE STATE OF MARYLAND 

Senator Cardin. Well, Madam Chair, let me just thank all of our 
witnesses that are here, and I am really looking forward to today’s 
hearing. 

We are going to have a chance to talk about jobs and economic 
opportunity, national security, utilities and adaptation. I am par- 
ticularly pleased that on the fourth panel Secretary Shari Wilson — 
and I will have a little bit to say about her later — the Secretary of 
the Maryland Department of the Environment, because I am proud 
of what Maryland has done in the leadership on global climate 
change establishing its own State program on climate change, and 
I think it is going to be very helpful to the committee. 

Let me just underscore, I guess, two points. Madam Chair, as we 
start the second day of hearings on the legislation that you have 
brought forward. 

First, this is a bill that will create jobs in our community. I men- 
tioned yesterday what is happening in White Marsh with new bat- 
tery technology for the auto industry. We are very proud of that 
technology. We are very proud of the jobs it is creating in my own 
State of Maryland. We see this as a real opportunity to expand 
technology that was developed in the United States, to keep jobs 
and create jobs in America. 

And second, let me just bring to the committee’s attention an ar- 
ticle that appeared in the Washington Post this morning about the 
impact on coastal areas of global climate change with rising sea 

( 1 ) 
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levels. And they talk about the risk to the natural environment in 
the State of Maryland as well as to the residential development 
along our coast. 

This is an urgent issue, Madam Chair, that needs to be dealt 
with now, for the sake of our national security, for the sake of our 
environment, for the sake of the property values of people who live 
in the coastal areas. For all these reasons, it is important that we 
get the job done this year, and I applaud you for your leadership. 

Senator Boxer. Thank you so much. 

Senator Inhofe. 

OPENING STATEMENT OF HON. JAMES M. INHOFE, 

U.S. SENATOR FROM THE STATE OF OKLAHOMA 

Senator Inhofe. I would very much like to inquire as to what we 
are doing here. Our side feels very strongly that they would like 
to have 5 minute openings. Since we have four panels, it is an all 
day situation. Would that be acceptable? 

Senator Boxer. Well, Senator, let me explain 

Senator Inhofe. I do not plan to take that much 

Senator Boxer. Well, yesterday we were here for quite a while. 
We have four panels today. Is that right, four? So, we did get to 
speak a lot. I have waived my opening time. We have 2 minutes. 
If a Senator feels they must go over a minute, I am not going to 
shut them down. So, why do we not just go? I have given up my 
time, but you go right ahead. 

Senator Inhofe. All right. That, well 

Senator Boxer. So, if you go over a minute, that is fine. 

Senator Inhofe. Well, anyway, we are going to have a lot of dis- 
cussion hopefully today about jobs and get out of some of the per- 
sonal attacks and those things that we had to experience yester- 
day. 

I do look forward to the number of witnesses that we have. We 
have some from Valero Energy, which I consider to be very well in- 
formed on the problems that exist out there and how we are going 
to meet those problems, as well as the Virginia Manufacturers As- 
sociation, both to talk about how the recession has hurt their oper- 
ations and their employees. And they will talk about how the Wax- 
man-Markey bill will make things even worse, less refined products 
produced here in America and fewer jobs. 

I think some of these things we do understand. I would only say 
this about yesterday, that I thought it was a little bit overbearing 
to have spent 30 minutes just having Senator Kerry talk about how 
the world is coming to an end, and the only way to save the world 
is to pass the largest tax increase in history. And I do not think 
that is realistic. 

I would say this, though, to my good friend, the Chairman of the 
committee, that if you look at the polling data, the American people 
have caught on. I mentioned yesterday that it was kind of strange 
that after the August recess 60 days ago, everyone was really up- 
tight because they had heard from the American people. But now 
they have forgotten what the American people have said. 

However, the polling data, now I am looking at it right now, I 
have been in kind of shock. The most recent poll just last week 
came out in Politico is 45 percent of the people rate the economy 
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as the most important issue, then they go on down to 21 percent 
on spending, 20 percent on health care, 9 percent on the wars, just 
4 percent on climate change. 

So, I think there is an awareness out there that has not heen 
there before. Madam Chairman, and I am somewhat rejoicing in 
that. I give back my time. 

Senator Boxer. Thank you very much. 

Senator Specter. 

OPENING STATEMENT OF HON. ARLEN SPECTER, 

U.S. SENATOR FROM THE STATE OF PENNSYLVANIA 

Senator Specter. Thank you. Madam Chairwoman. 

My comments will be limited to introducing the distinguished 
Mayor of Philadelphia, who is on the panel. Mayor Nutter is the 
98th Mayor of the city of Philadelphia. It is interesting to visit the 
Mayor’s reception room to see his 97 predecessors on the wall. It 
is a long, distinguished and illustrious group. 

Philadelphia is the sixth largest city in the country. In 1938, 
Philadelphia was the biggest city in the country. With Mayor Nut- 
ter’s leadership, we are going to move up to five, four and [unclear] 
surpassing one of the cities. New York, to the World Series where 
the Phillies will be undertaking an important venture on behalf of 
our city a little later today. 

[Laughter.] 

Senator Specter. But the Mayor brings a very important per- 
spective to a very critical issue. He has a background from the 
Wharton School of Business, became politically active, worked on 
the City Council, elected in 1991, and now elected to the Mayor’s 
job. 

I have worked with him very closely for many years and look for- 
ward to his testimony and his continued outstanding leadership of 
our great city. 

Thank you. Madam Chairwoman. 

Senator Boxer. Thank you so very much. 

And next is Senator Alexander. 

OPENING STATEMENT OF HON. LAMAR ALEXANDER, 

U.S. SENATOR FROM THE STATE OF TENNESSEE 

Senator Alexander. Thanks, Madam Chairman. 

Sometimes a story helps. A couple of weeks ago, I was visited by 
the Chairman of a French company who is the largest maker of 
turbines in the world for nuclear plants. He told me, of course, 
France gets 80 percent of its electricity from nuclear power. We 
hear a lot about Germany and solar. Germany gets 1 percent of its 
electricity from solar. 

France gets 80 percent from nuclear power, and Germany is buy- 
ing power from France. And jobs from Spain are moving to France 
because France has among the lowest electric rates in Europe. And 
it has among the lowest carbon emissions in Europe. That is 
France. 

This French company is selling, because of all of the technology 
they have developed in France over the last 30 years while we have 
not started one new nuclear plant, France is selling turbines all 
around the world. To Russia, India, the countries that are devel- 
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oping power, but especially in China. This French president of the 
company told me that China is starting a new nuclear plant every 
3 months. China is building 132 nuclear plants, and we have not 
started one in 30 years. 

My objection to this bill is — I see the problem. I agree with the 
problem. But I see no need for us to send manufacturing jobs over- 
seas by deliberately raising prices of electricity by putting a cap 
and trade on fuel which raises the price of carbon but does not re- 
duce carbon. 

Deliberately raising rates and relying on solar and wind when we 
have had 60 years of experience with nuclear power, invented it, 
and by building 100 new nuclear plants in 20 years and electrifying 
half our cars and trucks in 20 years, and doubling our energy re- 
search and development on recapturing, on how to capture carbon 
from coal plants, on how to make solar, which is now four or five 
times the cost of other electricity in our region, cost competitive, on 
making better advanced batteries and on recycling used nuclear 
fuels. 

If we build 100 nuclear plants, the President led us to do that, 
if you led us to electrify half our cars and trucks, if we had mini- 
Manhattan Projects on alternative energy, we could reach our car- 
bon goals by 2030 without a national energy tax, without sending 
jobs overseas, and without imposing on Americans higher costs for 
the energy and electricity. 

So, my final question, as my 3 minutes comes to an end, is, if 
the United States were to create a nuclear navy in the 1950s, 
which we did, and it had led the world for 60 years, which it has, 
and if it had done everything we wanted it to do, and if sailors 
have lived safely on top of it for all that time, then if we wanted 
to continue to have a strong military, would we stop building nu- 
clear ships and start subsidizing sailboats? No, we would not. 

So, my question is, I do not have a problem with the problem, 
but why are we developing this solution when we have another one 
staring us right in the face? 

I look forward to hearing from the witnesses on that subject. 

Senator Boxer. Senator Klobuchar. Welcome. 

OPENING STATEMENT OF HON. AMY KLOBUCHAR, 

U.S. SENATOR FROM THE STATE OF MINNESOTA 

Senator Klobuchar. Thank you very much. Madam Chairman. 

I would like to welcome all of our panelists, especially from the 
State of Minnesota, Dave Foster, who has been at this for a long 
time. He heads up the Blue Green Alliance, and he has worked 
representing miners in Minnesota for nearly 7 years. As you know, 
my grandpa was an iron ore miner, worked a thousand feet under- 
ground in the mines in Ely, Minnesota, and at the same time al- 
ways had that respect for the outdoors and loved to hunt and loved 
to fish. 

And so, when Dave had this idea of starting up this BlueGreen 
Alliance, which is a combination of the workers in our State and 
the environmental groups to say we can have a net gain here, we 
can do this together, we can actually do things that are good for 
the environment and bring jobs in at the same time, at the time 
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was rather novel. I remember Paul Wellstone leading rallies with 
Dave on this topic. 

And now we have actually seen it in our State, as I was saying 
yesterday in my opening. We have seen a huge increase in our 
green jobs, as compared to a lot of our other jobs in our State. We 
have a 25 percent by 2025 renewable electricity standard that has 
brought all kinds of jobs into our State. And we are seeing iron ore 
mines finally with this economic recession starting to open up 
again, and before that time, were actually doing better than they 
had in decades. We have seen how we can make this work to- 
gether, and that is what Dave stands for. 

And to have all of these steelworkers standing there saying they 
want to see an energy bill is a great thing in our State. 

So, thank you very much for being here, Dave, and I look for- 
ward to hearing from the Mayor and the rest of the panelists as 
well. 

Senator Boxer. Senator, thank you very much. 

Senator Voinovich. 

OPENING STATEMENT OF HON. GEORGE V. VOINOVICH, 

U.S. SENATOR FROM THE STATE OF OHIO 

Senator Voinovich. Thank you. Madam Chairman. 

The impact of this legislation on jobs, workers and Ohio families 
is at the height of my concerns with this legislation. Again, it 
seems to me we are failing to harmonize our environment, energy, 
economic and national security interests. The bill will cost my 
State of Ohio and the country jobs. This is without dispute, despite 
wild claims of green job creation. There is no credible analysis that 
suggests that this bill will be a net job creator. 

In fact, this legislation includes a form of unemployment insur- 
ance for those who will lose their jobs because of its implementa- 
tion. It is very disturbing that this is included in what proponents 
call a jobs bill. Ohio has already lost enough jobs, and some of it 
is because we have switched from coal to natural gas. 

The job losses also will stem from the bill’s onerous mandates 
and requirements. Further, the Senate Energy Committee passed 
a bill containing a mandatory renewable electricity standard, or 
RES, and the majority leader has indicated that he is going to 
merge that with this bill. This creates a system of overlapping and 
redundant requirements that will inhibit the cost effective admis- 
sion reductions and will drive energy prices up. 

Indeed, the theory under cap and trade is that we set a cap and 
allow companies to comply with the most efficient means possible. 
No so with this bill. 

The other things that I would like to mention is that there are 
provisions in here for what we call a border tax, or border adjust- 
ment. We have researched this thoroughly, and those provisions 
violate the WTO. What we are really going to need. Madam Chair- 
man, is an international agreement that would deal with those 
countries that fail to comply with the new standards that the coun- 
tries will set, very much like we had with nuclear proliferation 
arms reduction. 

And so much of what we should be doing here is going to be re- 
flected upon what comes out of Copenhagen in December. And that 
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is why I think it is really important that we understand for us to 
unilaterally pass this legislation without airing some of the major 
problems that we have, for example, whether we are going to use 
the year 1990 or the year 2005 to determine what are caps are 
going to he, is something that needs to he discussed. 

We also need to deal with allowances and whether they are going 
to he paid for or not paid for. Senator Alexander mentioned France. 
France wants no allowances, no free allowances. They want the al- 
lowances to he paid for. Germany, on the other hand, has said we 
have to have allowances so we can predict steel in our manufac- 
turing. 

So, these things are going to have to he worked out on the inter- 
national level if we expect to make some sense out of our efforts 
to reduce greenhouse gases, not only in this country hut in the 
world. 

[The prepared statement of Senator Voinovich follows:] 

Statement of Hon. George V. Voinovich, 

U.S. Senator from the State of Ohio 

The impact this legislation will have on jobs, workers and Ohio families is at the 
heart of my concerns with the Kerry-Boxer proposal. Again it seems we are failing 
to harmonize our environment, energy, economic and national security concerns. 

That this bill will cost my State of Ohio and the country jobs is without dispute. 
Despite wild claims of green job creation, there is no credible analysis that suggests 
that this bill will be a net job creator. In fact, this legislation includes a form of 
unemployment insurance for those who will lose their jobs because of its implemen- 
tation le^slation. It’s very disturbing that this is included in what proponents call 
a “jobs bill.” Ohio has already lost too many jobs, with unemployment now at 11 
percent. 

The job losses will stem from the bill’s onerous mandates and requirements. Fur- 
ther, the Senate Energy Committee passed a bill containing mandatory renewable 
electricity standard, or RES, and the majority leader has indicated his intent to 
merge the cap/trade bill and the energy bill together. 

This creates a system of overlapping and redundant requirements that will inhibit 
cost effective emissions reductions and will drive energy prices up. Indeed, the the- 
ory under cap and trade is that we set a cap and allow companies to comply by the 
most efficient means possible. Not so with this bill. Here, we set a cap and then 
mandate how companies comply. 

Residential consumers, small businesses, manufacturers and industrial operations 
all depend on reliable and affordable energy. The consequences of fuel switching 
from coal to natural gas are particularly troubling for our industrial workers and 
for vulnerable consumers like the elderly and those living in poverty. Our environ- 
mental policies have already resulted in a sharp increase in the use of natural gas 
for electric power generation — accounting for almost 94 percent of the increase in 
domestic demand for natural gas since 1992. 

As history has proven, the demand for natural gas can send ripple effects 
throughout the economy because of its use as both a fuel and a feedstock for the 
production of everything from fertilizer, to plastics, to the heating of homes. It has 
contributed to a loss of over 3.1 million U.S. manufacturing jobs. ^ In fact, the reces- 
sion in Ohio began in 2001 when natural gas demand spiked. As an example, the 
chemistry industry has gone from a $19 billion trade surplus in 1997 — the most suc- 
cessful export industry in U.S. history — to becoming a net importer of chemicals. 

I find provisions in the bill that actually encourage fuel switching particularly 
short sighted. In fact, a CEO of one of the Nation’s largest utilities told me that 
we would regret the move to natural gas as it will hamper our manufacturers and 
create a “leap-frog” effect over much needed investments in CCS and nuclear tech- 
nologies. 

Many people down-play the impacts that this policy will have on our economy. 
And although the “green jobs” movement is trying to convince us that rationing en- 
ergy resources will save the world and our economy, there is little to support these 
claims. 


1 U.S. Department of Labor. 
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As I mentioned yesterday, the American Council for Capital Formation (ACCF), 
having performed the only comprehensive analysis of the Waxman bill that I’m 
aware of, concluded that by 2020 the House bill could reduce household income in 
my home State of Ohio by up to $261 per year on average, increase energy costs 
by up to 20 percent, and result in a net loss of more than 100,000 jobs. 

Under this bill, these numbers are sure to go up. This is because the 2020 cap 
is tighter, the pool of distributed allowances is smaller, and there is no Clean Air 
Act or State program preemption. Today, I’d like to ask to have the entire ACCF 
report submitted for the record. 

Recognizing that the bill will put U.S. manufacturers at a disadvantage to over- 
seas competition, proponents seek to offset compliance and fuel and input costs 
through a system of rebates. Yet many manufacturers from my State won’t qualify 
for the rebates, and the bill’s costly requirements will force plant closures and relo- 
cation overseas. These include tire, semi-conductor, textile manufacturers and refin- 
ers, for example. 

This is bad for the environment and the economy. Some of my colleagues would 
like to insulate our Nation’s manufacturers by including a “border tariff’ provision. 
But this is likely inconsistent with WTO requirements. 

My goals throughout this process are to keep Nation’s economy, and that of Ohio, 
on a sure footing while decreasing emissions. This bill just doesn’t get the job done 
and in fact is a threat to the jobs and economy. 

[The referenced analysis follows:] 
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Analysis of 

The Waxman-Markey Bill 


“The American Clean Energy’ and Security Act of 2009” 


(H.R. 2454) 

Using 

The National Energy Modeling System 
(NEMS/ACCF-NAM 2) 


J Report by the 

American Council for Capital Formation 
and the 

National Association of Manufacturers 


Analysis Conducted by 

Science Applications International Corporation (SAJC) 


ACCF 


AMERICAN COUNCIL FOR CAPITAL FORMATION 
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Analysis of the Waxman-Markey Bill 

^^The American Clean Energy and Security Act of 2009” (H.R, 2454) Using the 
National Energy Modeling System (NEi\IS/ACCF~NAM 2) 

EXECUTIVE SUMMARY 

The American Council for Capital Fonnation (ACCF) and the National Association of Manufacturers 
(NAM) believe it important to fully and realistically examine the potential costs that enactment of the 
Waxman-Markey bill 'The American Clean Energy and Security Act of 2009” (H.R. 2454)’, would 
impose on the U.S. economy, ft is well recognized that the cost to U.S. consumers and employers of 
implementing greenhouse gas (GMG) emission reductions is highly dependent on the market penetration 
achieved by key technologies and the availability of carbon offsets by 2030. Understanding the potential 
economic impacts at the national, state and individual household levels can help guide choices on climate 
change policy to minimize the impacts on economic growth and maximize the benefits to the 
environment. Greenhouse gas reduction policies need to include consideration of impacts on energy 
security, economic growth, and U.S. competitiveness. This project is designed to assist in this efTort. 

This analysis was undertaken by ACCF and NAM using NEMS/ACCF-N.AM 2‘. the version used in this 
project of the National Energy Modeling System (NEMS) model, the model u.sed by the U.S. Energy 
Information Administration (ElA) for its energy forecasting and policy analysis. ACCF and NAM applied 
input assumptions under two scenarios (high cost and low cost) investigating the sensitivity of 
assumptions that have proven in the past to significantly impact the cost of limiting CO 2 emissions from 
energy. The ACCF-NAM input assumptions embody judgment on the likely co.st and availability of new 
technologies in the early decades of a long-term effort to reduce greenhouse gas emissions as well as 
energy efficiency and renewable electricity standards. These assumptions include the availability of 
nuclear power technology for electric generation, the availability of carbon capture and storage for more 
efficient coal and natural gas-based power generation technologies, the availability of wind and biomass 
technologies. The ACCF-NAM input assumptions also included assumptions regarding the likely 
availability of domestic and international offsets - - key factors influencing analysis of the co.st of limiting 
greenhouse gas emissions. 

Overview of Findings in the ACCF-NAM Analysis of the Waxman-Markey Bill (ll.R. 2454) 

The NEMS/ACCF-NAM 2 model study's findings indicate substantial and growing impacts to consumers 
and the economy of meeting the increasingly stringent emission targets through 2030 established by 
H.R.2454. Among the NEMS/ACCF-NAM 2 study's genera! findings are: 

® U.S. economic growth slows: 

U.S. economic growth slows under the Waxman-Markey bill (H.R. 2454). especially in the post-2020 
period as the free emission allowances are phased out for both energy producers and energy consumers. In 
2030, the inflation adju.sled. annua! GDP level is reduced by 1.8% (or $419 billion) under the low cost 
scenario and by 2.4% (or $57! billion) under the high cost scenario, compared to the baseline forecast 
(see Table ]). To put these GDP losses in perspective, in 2008 the Federal government spent S612 billion 
on .social security payments to retirees. Looked at another way, if GDP levels are reduced by $57 1 billion 
in 2030, Federal and State tax receipts will be approximately $170 billion lower that year since Federal 


' The House of Representatives pas.scd the H.R- 2454 on June 26, 2009 by a vote of 219-212, 

^ The term ••NTMS 'ACCl '-N AM 2" is used in this report to distinguish NEMS runs conducted in this projeet from NF.MS runs conducted by 
El A. and from tho.se conducted jdr ACCF and NyXM last year in analyzing the Ficberman-Wamcr bill (S. 2 1 9 1 ). 
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and State governments take approximately 30 cents out of everj' dollar of GDP. Thus, government 
budgets will be harder to meet. 

Over the entire 18 year period (2012-2030) covered by ACCF-NAM analysis, cumulative GDP losses are 
substantial, ranging from $2.2 trillion dollars under the low cost case to $3. 1 trillion under the high cost 
case. Again, the hit to Federal and State budgets is large, cumulative tax receipts will be reduced by 
between $670 billion and $930 billion compared to the baseline forecast. Given the size of projected 
Federal dellcits and State budget receipt shortfalls, policymakers may w'ant to think carefully before 
imposing the Waxman-Markey bill on the already struggling U.S. economy. 

® Industrial production begins to decline: 

Industrial production (manufacturing, mining and electric utilities) begins to decline immediately in 2012, 
relative to the baseline forecast, under the Waxman-Markey bill. In 2030, U.S. industrial output levels are 
reduced by betw'een 5.3 % and 6.5 % under the low and high cost scenarios. A hallmark of economic 
downturns and recessions is a slowdown in the growth rate or an absolute decline in the level of industrial 
output. Clearly, the negative impact on industrial output of the Waxman-Markey bill would make it 
harder to keep the U.S. economy out of recession or sluggish growth insufficient to restore job growth. 

• Employment is negatively impacted: 

Eunployment is negatively impacted by Waxman-Markey, even when additional '"green" jobs are factored 
in. Over the 2012-2030 period, total U.S. employment averages between 420,000 and 610,000 fewer jobs 
each year under the low and high cost scenarios than under the baseline forecast. In 2030, there are 
between 1,790,000 and 2,440,000 fewer jobs in the overall economy. Manufacturing employment is hard 
hit: by 2030 there are between 580,000 and 740,000 fewer jobs, or between a 6 and 7% reduction in total 
manufacturing employment in the U.S compared to the baseline forecast. On average, over the 2012- 
2030 period, the manufacturing sector absorbs 59 to 66% of the overall job losses caused by the Waxman- 
Markey bill 

• Energy prices rise: 

Energy prices rise over the 2012-2030 period, due to the various features of the Waxman-Markey bill 
including prices for carbon permits which gradually ri.se to between $123 and $159 dollars per ton of CO 2 
in 2030 as well as the renewable portfolio standards, low carbon fuel standards, and energy efficiency 
standards. Over the past decade, each 1% increase in GDP in the U.S. has been accompanied by a 0.3% 
increase in energy use, thus higher energy prices will make it harder to recover from the current recession 
and to reduce the current high rate of unemployment. The ACCF-NAM study shows that residential 
electricity prices are 5 to 8% higher by 2020. by 2030 electricity prices are between 31 to 50% higher. 
Gasoline prices are also higher. By 2030 prices are up to 20 to 26% higher than under the baseline 
forecast. 

• Household income drops: 

Household income drops under the Waxman-Markey bill, even after accounting for rebates to consumers 
mandated in the bill. In 2030. the decline in annual household income ranges from about $730 in the low 
cost case to about $1,248 in the high cost case. However the impacts on individual states, especiallv in 
the Midwest, are about twice as high as the national average. For example, household income in Illinois 
is $1,096 lower by 2030 under the low' cost ease and $1,782 lower under the high cost case. Other 
Midwestern stales, like Michigan, Indiana and Kansas show a similar pattern with income losses that are 
much higher than the national average. 
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Analysis of the Waxman-Markey Bill 
“The American Clean Energy and Security Act of 2009’’ (H.R, 2454) 

Using the National Energy Modeling System (NEMS/ACCF-NAM 2) 

INTRODUCTION 

The American Coiinci! for Capital Formation (ACCF)’’ and the National Association of Manufacturers 
(NAM)'^ contracted with Science Applications International Corporation (SAIC)’ to analyze legislation 
introduced by Representatives Henry Waxman and Edward Markey, ’‘The American Clean Energy and 
Security Act of 2009" (H.R. 2454)^’ . This study uses the NEMS/ACCF-NAM 2^. the version used in this 
project of the National Energy Modeling System (NEMS) model, the model used by the U.S. Energy 
information Administration (EIA) for its energy forecasting and policy analysis when asked by Congress 
and other federal agencies to analyze new energy and environmental policy initiatives. This study was 
performed by SAIC, independent of EIA. ^ 

The ACCF-NAM believes it is important to fully examine the potential costs that enactment of H.R. 2454 
will impose on the U.S. economy. It is becoming increasingly recognized that the cost to U.S. industries 
and citizens of implementing GHG emission reductions is highly dependent oti the market penetration 
achieved by key technologies and the availability of carbon offsets by 2030. Understanding the potential 
economic impacts at the national, state and individual household levels can help guide choices on climate 
change policy to minimize the impacts on economic grow'th and maximize the benefits to the 
environment. Greenhouse gas reduction policies should not be undertaken without considering their 
impacts on energy .security, economic growih. and U.S. competitiveness. This project is designed to 
assist in this effort. 

In addition to providing economic impacts for the U.S. as a whole, this project also provides the potential 
economic costs of H.R. 2454 at the stale and household level for citizens and businesses in every state. 
Two-page reports have been prepared for each state to show the estimated cost impact of H.R. 2454 under 
the "High” and “Low” cost scenarios using the input assumptions provided by ACCF and NAM and the 
NEMS/ACCF-NAM 2 outputs for different census regions in the country.‘^ A summary of the national 
results are provided in Table 3 and those for every stale are included in Table 5 through 1 0. 


’ The American Connei] for Capital Formation (ACCF) (vvww.accf.org) is a nonprofit nonpartisan organization dedicated to the advocacy of 
tax and environmental {H.>licics that encourage saving and investment. The ACCF was founded in 1^73 and is supported by the voluntary- 
contributions of corporations. as.socia{ion.s. foundalion.s, and individuals. The mission of the ACCF is to promote economic growth through 
.sound tax. environmental, and trade pt>licics. 

”* The National Assticiation of Manufacliircrs (NAM) is the nation's largest industrial trade a-ssociation. repre.senting smalljmd large 
manufacturers in every industrial sector and in all 50 states. Headquartered in Washington. D.C., the NAM has 1 1 additional olTices aenm 
the country. Visit the NAM's award-winning web site at www.nam.org for more inlbmiation about manutaciuring and the economy.. 

SA.I.C is a fT)Rl'UNB 500% scientific, engineering and technology applications company that u.se.s its deep domain knowledge to solve 
problems of vita! importance to the nation and the world, in national security, energy and the environment, critical infra-structure, and health. 

'' The House of Representatives passed the H.R. 2454 on June 26. 2009 by a vote of 219-2 1 2. 

" As noted, the term -‘NliMS-'ACCF-NAM T is used in this report to distinguish NKMS runs conducted in this project from Ni'MS runs 
conducted by FI A. and from those conducted for ,ACCF and N.AM last year in analyzing the Licbertnan- Warnci bill (S, 2 19 i ). 

SAIC is a policy-neutral organization. SAiC executed the NEMSji.ACCF-N.AM 2 model in this pro,ieci using SAlC's and ACCF-NAM's 
interpretation of the hill, and inpu! assumptions provided by ACCF-NAM. The modeling was performed independent ol hlA. Analysis 
provided in this report is based on the output from the NEMS.dACCF-NAM 2 mode! a.s a result of the ACCl -NAM mput assumptions, the 
input assumptions, opinions and recommendations in this report are those of ACCF and NAM. and do not necessutih represent SAIC views. 

■’ Costs are measured as impact on (>DP 
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The ACCF-NAM Analysis Complements the EJA Analysis of H.R. 2454 

As ACCF-NAM completed analysis using the NEMS/ACCF-NAM 2 model version, EIA released its 
analysis of the Waxman-Markey biUJ® ACCF and NAM believe the analysis provided in this report 
supplements - - rather than competes with - - analysis provided by the EIA report and, taken together, will 
provide policymakers a range of insights into the potential impacts of the Waxman-Markey bill. 

EIA's analysis includes six “Main Analysis Cases” (the ACESA Basic Case and five alternative cases), 
and five “Additional Analysis Cases”. Each of the ten alternative/additional cases is “similar to the 
ACESA Basic Case,” but contains one discrete alternative assumption with the exception of the No 
International/Limited Case which contains two. By using a singular variable in each ca.se (except for the 
two-variable case), EIA provides policymakers extensive insights into the isolated, particular impact of 
each assumption. 

EIA states that it “cannot attach probabilities to the individual policy cases”.*’ EIA does not project the 
“likely” level that each variable will attain by key dates. Rather, for analytical insight purposes, EIA 
severely restricts/enhances - - including “zero” and “maximized” - - key variables such as inlemational 
offsets, low-and-no-carbon generation technologies and banking technologies while holding the other key 
variables in the Basic Case constant.*^ Likewise, EIA does not project the potential for the variables to 
occur in multiple combinations (with the exception of the No International/Liinited Case which combines 
two variables). 

The ACCF-NAM analysis complements and analytically extends the EIA analyses. Just as reason would 
indicate, as EIA states,’^ that the extreme case scenarios in ElA’s analysis are not likely to occur, it is 
equally reasonable that it is unlikely for any of the eleven cases to happen without the presence of some 
component of at least one, and probably two or more, of the others, and that they will occur at a level at 
something other than zero or 100%. The ACCF-NAM analysis offers policymakers the benefit of 
analyzing different combinations, and different levels, of the variables identifsed by EIA. It is important to 
note that EIA’s “No International/Limited Case” w:hich, of the EIA cases, is the most similar in 
assumptions to the ACCF-NAM 2 about the availability of new technologies, offsets, etc shows an almost 
identical impact on GDP in 2030; A 2,3% reduction compared to the ACCF-NAM 2’s 1.8% to 2.4% 
decrease. 

The ACCF-NAM analysis employs two sets of input assumptions - - High and Low Cost scenarios - - for 
the NEMS/ACCF-NAM 2 model reflecting ACCF's and NAM’s views on the variability and likely 
potential availability of emission reduction technologies, new energy sources and carbon offsets 
throughout the 2012-2030 period. The use of alternative assumptions in this project is intended to assist 
consideration and preparation for a range of potential results. This is offered a.s an attempt to project in 
ACCF’s and NAM’s view a “realistic” snapshot of the combined impacts of the likely availability/timing 
and level of use of emissions reduction technologies, new energy sources and offsets - - the primary 
“uncertainties” associated with cap-and-lrade GHG reduction legislation. 


Energy Information Administratioti, “Energy Market and Economic Impacts of H.R. 2454, the American Clean Energy and Securitv Act of 
2009;' August 2009 

‘ ' Energy Information Administration, “Hnergy Market and Economic Impacts of H.R. 2454, the American Clean Energv and Security Act of 
2009," August 2009. page 7 

For analytical purposes, but not projections, EIA does provide specific levels in the ACESA High Cost Case. High Tech 
Case, Low Discount Case, 35CAFE2016 Case, and High Banking Case. 

'■ Energy information Administration. "Energy Market and Economic Impacts ofILR- 2454. the American Clean Hnergy and Securitv Act of 
2009;' August 2009, page 7 
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METHODOLOGY: USING NEMS/ACCF-NAM 2 

NEMS Mode! 

NEMS is a publicly available, national, economy-wide, integrated energy model that analyzes energy 
supply, conversion, and demand. It is used by E!A to provide V.S. energy market forecasts through 2030 
in its flagship publication, the Annual Energy Outlook (AEG). NEMS is also the principal energy policy 
analysis tool used by FJA to report to Congress regarding the projected impact on IJ.S. energy markets 
and the economy of GHG policies in proposed legislation. SAIC is a leading consultant to EIA on the 
design and implementation of NEMS, and has over 120 staff years supporting the model. The diagram 
below shows the 1 2 energy industry sectors/sub-modules modeled by NEMS. 



Soufce: Enefsy InlomaScrAfir'inistratiQn 







Figure 1: National Energy Modeling System 


The model is the most robust model of the U.S. economy for energy forecasting, producing a general 
equilibrium solution for energy .supply and demand in the U.S, energy markets on an annual basis, it 
projects the production. import.s, conversion, consumption, and prices of energy, subject to a variety of 
assumptions that encompass macroeconomic and financial factors, world energy markets, resource 
availability and costs, behavioral and technological choice criteria, technology characteristics, and 
demographic.s. 

NEMS provides a common analytical tool for gaining valuable insights into the likely implications of 
alternative GHG reduction policy options. U.sing the model relied on by Congress also ensures that the 
discussion will focus on the merits of assumpiion.s and policy choices rather than methodology. In the 
end. the use of the ACCF-NAM version of NEMS in this study supports and supplements congressional 
consideration of alternatives and enhances opportunities to identity commonalities, strengthen the 
legislation, and find solution paths.''* 


''' [wo atklitioiuil kev ttilbrmatioii items on the operation of the NEMS model are meltHlcd at Appendix 1 regarding: lit litwv the niodci 
accounts for supply-side energy conversion efficiency; and, (2) Sensitivity of the model to supply-si* icdinology capital costs lor power 
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The Importance of Assumptions Used In the Modeling 

NEMS results and NEMS/ACCF-NAM 2 results are dependent on model input assumptions related to 
technology, cost, performance, and a variety of other factore. EIA generally performs NEMS runs using 
its own assumptions, and those consistent with current government laws and regulations as specified in 
the AEO.. as well as assumptions included in congressional or federal agencies' requests. As with any 
forecast, the assumptions are the best judgment of the requestor or EIA staff, but may not necessarily be 
the same assumptions that would be used by others. As noted above, and further discussed below, EIA in 
its analysis of H.R. 2454 emphasizes the importmice of assumptions, in particular the two "major 
uncertainties'’ - - the availability and use of low-andmo-carbon generation technologies and the use of 
offsets. 

ACCF and NAM also want to emphasize the importance of the input assumptions relative to the results 
provided by modeling. Providing results using alternative sets of assumptions is the centerpiece - - indeed 
the purpose - - of this study. Applying alternative input assumptions through NEMS/ACCF-NAM 2 
provides insights on implications of a range of possible outcomes that may occur as the economy adjusts 
to mandatory carbon constraints under provisions of H.R. 2454. The desire is to enhance understanding 
and analysis. 

It is important to note that the ACCF-NAM version of NEMS may also use difterent modeling methods 
than other organizations, such as F/IA, to represent provisions of the Waxman-Markey legislation. These 
can also represent a source of differences in results, in addition to model input assumptions associated 
with technology and offsets availability, 

THE WAXMAN-MARKEY BILL (H.R. 2454) 

The Waxman-Markey bill includes four titles: 

• Title I - Clean Energy: Promotes renewable sources of energy and carbon capture and 
sequestration technologies, low-carbon transportation fuels, clean electric vehicles, and the smart 
grid and electricity transmission. In particular for purposes of this study, electric utilitiCvS must use 
electricity generated from renewable sources and energy efficiency savings, in combination, to 
satisfy 6% of their total load in 2012. incrementally increasing to 20% in 2020-2039. 

® Title ll ~ Energy Efficiency: Increases energy efficiency across all sectors of the economy, 
including buildings, lighting and appliances, transportation and industry. 

• Title III - Reducing Global Warming: Places limits on heat-trapping pollutants. This is the 
primary title analyzed in this study and is described in greater detail below. 

• Title IV - Transition to a Clean Energy Economy: Provides rebates intended to mitigate the 
adverse economic effects of Title HI, protects U.S. consumers and industry and promotes green 
jobs during the transition to a clean energy economy. 

® Title V ~ Agriculture and Forestry Related Offsets: Establishes an offset credit program from 
domestic agricultural and forestry sources and an advisory committee at USDA. 

Title in is the primary title examined under this study. Components of Title 1 and Title H were included 
in the modeling (with some exceptions). Titles IV and V weix; not modeled. 

Title III- Reducing Global Warming 

Key provisions of the ‘‘global warming"’ title include: 

L Emission caps: GHG emission targets decline each calendar year according to the following 
schedule: 
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® 2012: 4,627 MtC()2e (97% of 2005 emissions levels, or 3% below) 

® 2020: 5,056 MlC02e (83% of 2005 emissions levels, or 17% below) 

® 2030; 3,533 MtC02e (58% of 2005 emissions levels, or 42% below) 

® 2050: 1 .035 MtC02e ( 1 7% of 2005 emissions levels . or 83% below) 

Regulated entities will have a number of options for achieving CO? emissions reductions, including zero 
CO? emitting technologies such as nuclear or wind generation, new technologies such as carbon capture 
and sequestration (CCS), carbon offset projects that reduce CO 2 emissions by an amount equivalent to 
that emitted, or purchasing CO 2 emissions permits on a tradable market. Emission allowances may be 
banked or borrowed, H.R. 2454 allows companies to invest in carbon offset projects or to purchase CO? 
emissions up to 30% of the targeted emissions (15% from domestic sources: another 15% from 
international sources). Consequently, it would be possible for the economy to generate 30% more 
emissions than targeted by H.R. 2454 as long as such emissions are offset by carbon reduction in non- 
covered domestic sources and international sources. 


2. Covered Sources: Table 1 lists the covered sectora and a staggered initial compliance year: 


S'l A(;<;ERr.I) IMTIAI. t OMPI.I ax E YI.AHS H)R COV ERKD .SOl IUrEA 


■ I’OIM' OF REGUIATION 


Eiectricitv 

Downstream (power plants} 

2012 

Transportation/ 

Industrial 

Mid/Upstream for producers and importers of petro!eum-ba.sed 
liquid fuel, petroleum coke, or natural gas liquid 

2012 

Industrial 

Mid/Upstreani for producers and importers of specific GHGs 
(fossil fuel based carbon dio.xide: nitrous oxide; perfluorocarbons; 
sulfur hexafluoride) 

2012 

industrial 

Downstream for specific industrial sectors (e.g.. cement, primaiy 
aluminum production, ammonia manufacturing, hydrochloro- 
tluorocarbons production) 

2012 

Industrial 

Downstream for chemical or petrochemical sector 

2014 

Industrial 

Downstream for specific sectors (e.g., ethanol production, food 
processing, glass production, iron and steel production, pulp and 
paper, etc.) 

2014 

Industrial 

Downstream for fo-ssi! fuel-fired combustion devices not covered 
under other sectors 


Commercial/ 

Residential 

Midstream (natural gas local dislribution companies) 

2014 

Other 

Anv geological sequestration site 

2012 


Table 1. COVERED SOURCES .AND COMPLIANCE YEARS 


Disposition of Allowances: Allowance allocations can be classified for modeling into four major 
categories by purpose: 

® Consumer Protection (53% of total cumulative emission allowances from 2012*2030) 

o Electricity consumers (accounting for 31% of total cumulative allovvances from 2012- 
2030) 

o Natural gas consumers (accounting for 5.7%) 
o Home heating oil and propane users (accounting for ! %) 
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o Lovv*and Moderate-Income Households (accounting for 15%) 

« Transition Assistance for industry (13% from 2012-2030) 

« Energy Efficiency and Clean Energy Technology (12% from 2012-2030) 

« Other Public Purposes (13% from 2012-2030) 

3. Banking and Borrowing’. Banking of allowances is unlimited in H.R. 2454. A two-year compliance 
period allows borrowing one year ahead without penalty. Borrowing allowances from years two 
through five can be done but with an interest rate penalty. 

4. Strategic Reserve: Additional allowances, borrowed from future years, are made available for auction 
at a specified price. This ‘'strategic reserve” is intended to maintain the integrity of the cumulative 
multi-year cap and provide some near-term price certainty. 

5. Offsets: Offsets are limited to 2.000 billion tons per year - - approximately 30% of the total emissions 
cap. Offsets are to be evenly split between domestic and international offsets, although EPA can 
allow up to 1.5 billion tons if EPA projects that less than 900 million tons will be available from 
domestic sources at the prevailing allowance price levels. The bill establishes an Offset Integrity 
Advisory Board and an Offset Registry, and administrative management and verification provisions 
with particular stringency for international offsets. Within the total offsets allowed, USDA is 
authorized to issue offsets for a range of agricultural projects. 

MODELING METHODOLOGY AND INPUT ASSUMPTIONS 

A variety of assumptions were required for the purposes of completing modeling for this study. Some of 
these are summarized below, with a more detailed description provided in Appendix 2. 

TheAE02009 

The ACCF-NAM analysis of the Waxman-Markey bill uses the most recent version of the EIA Annual 
Energy OiitlooK the April AEO20()9. 'fhis is the third version of the AEO released by EIA for 2009. The 
April AE02009 includes the Stimulus Law' enacted in February 2009. the American Recovery and 
Reinvestment Act of 2009 (ARRA). as well as the original Stimulus Law enacted in October 2008, the 
Energy Improvement and Extension Act of 2008. It also includes a new macroeconomic outlook that 
took into account the impact of the significant worsening of the ongoing recession that was not included 
in the earlier versions of the AE02009. 

In the near term, ARRA is projected to decrease the magnitude and duration of the cuiTent recession. 
Further out in the projection period, however, ARRA adversely affects macroeconomic performance as 
the larger budget deficits that result from the additional spending embedded in the stimulus package cause 
interest rates to be higher and GDP growth to be lower. NEMS mode! changes refiect the following 
programs of ARRA 2009: Weatherization, assisted housing, energy efficiency, and conservation block 
grants; State energy programs; Plug in hybrid and electric vehicle tax credits: Tax credits for renewables; 
Loan guarantees for renewables, biofuels and transmission projects; Support for CCS; and, Smart grid 
expenditures''"’ 

Alternative Technology and Implementation Input Assumptions Used in the Analysis 

The ACCF-NAM believe there is legitimate uncertainly regarding whether the emissions reduction 
technologies (carbon capture and sequestration), new energy sources (renewables) and market 
mechanisms (carbon offsets) anticipated for achieving GHG emission reductions will be fully available 


The details of the implementation are described in, "4n Updated Annual Energ\> Outlook 2009 Refermce Case Revisions 
Reflecting Provisions of the American Recovery and Reinvestment Act ofid Recent Changes in Economic Outlook" April 2009. 
Energy information administration. 
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and utilized in the period analyzed (2012-2030). While they will likely make some level of contribution 
to meeting GHG limits, the ACCF-NAM believe that, for a variety of reasons including limitations in 
technology advancements, societal concerns and regulatory^ requirements, it is unlikely that they will 
make the full level of contribution required to achieve emissions reduction targets in H.R. 2454 by 2030. 

The "uncertainties" regarding the availability' and application of CCS technologies, nuclear and 
renewables for electric generation, and domestic and international offsets are now well recognized in 
considering the potential impact of GHG legislation. Other variables such as banking, borrowing and 
allowance price limitations also have required assumptions for modeling analysis. 

As in its previous analyses of S. 280 and S. 2191, EIA in its analysis of H.R. 2454 emphasizes the 
importance of assumptions, in particular the two “major uncertainties” - - (i) “the timing, cost and public 
acceptance of low-and-no-carbon bascload electricity' technologies . . . nuclear power and fossil (coal and 
natural gas) with CCS"; and, (2) “offset use ... is an open question”, (n particular, tiilA states: 

“Beyond the usual uncertainties related to the technical, economic and market supply 
of offsets, the future use of offsets for ACESA compliance also depends both on 
regulatory decisions that are yet to be made by the EPA, on timing and scope of 
negotiations on international agreements or arrangements between the United States 
and countries where offset opportunities may exist, and on emissions reduction 
commitments made by other countries.” 

Accordingly, for c.xecuting NEMS/ACCF-NAM 2 model runs in this project.'^ the ACCF-NAM provided 
assumptions regarding the likely availability and application of these technologies, energy sources and 
offsets in the period of 2012 to 2030. The model runs were executed under two scenarios established by 
ACCF-NAM - - High Cost and Low Cost scenarios to allow examination of the effects of different levels 
of avaiiability/application of these items.*^ The runs under these scenarios used model input assumptions 
provided by ACCF-NAM on the following items; 

• Cap on new advanced nuclear generation capacity added during the projection period; 

» Cap on sequestered advanced coal-fired generation capacity (IGCC/CCS) added during the 
projection period; 

• Cap on sequestered advanced natural gas-fircd generation capacity (NGCC/CCS) added during the 
projection period; 

• Caps on biomass and wind powered generation capacity added during the projection period; 

• Limitation on the availability and use of domestic and international offsets; 
e 1. imitation on the use of banking; and 

• [.imitations on annual growth of allowance prices. 

The base assumptions retained the power generation technology overnight capital costs and operating and 
maintenance (O&M) costs and World Oil Price Profile assumed for the AE02009 Reference Case. The 
analysis did not consider a strategic reserve, lable 2 below provides an overview of the scenario 
specifications used in the ACCF-NAM analysts. 


Energy information Administration, “Energy Market and Economic Impacts of K.R. 2454, the American Clean Energy and 
Security Act of 2009“. August 2009. page vii. 

''' As noted above, the term "NEAkS/ACCF-NAM 2 " is used in this report to distinguish NEMS runs conducted in this project 
from NEMS run.s conducted by EiA, and from those conducted for .ACCF and NAM last year in analyzing the Lieberman- 
VVarnerbill (S. 2191), 

Costs scenarios reflect the impact on GDP. 
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Table 2 . ACCF-NAM SCENARIO SPECIFICATIONS 
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Discussion of Key Input and Methodology Assumptions 

Title I -- Clean Energy: Subtitle A - Combined Efficiency and Renewable Electricity Standard 

Section 101 of the Bill requires electric utilities that sell more than 4 million MWh of electricity to 
consumers to meet a specified percentage of electricity generated from renewable sources and energy 
efficiency savings. The bill sets up a profile to ultimately achieve a combined Efficiency and Renewable 
Eleciricily Standard with a goal of 15% renewables and 5% energy efficiency by 2020. Inputs to the 
Electricity Market Module and Residential/Commercial/fndustrial Demand Modules were adjusted to 
approximate the goal. As stipulated in H.R. 2454, nuclear generation was excluded from the base in 
calculating the required annual percentages. 

Title n - Energy Efficiency 

The various provisions of Title II provide impetus for energy elTictcncy improvements for buildings, 
lighting and appliances, transportation, and industries. While some provisions of this Title are specific, 
others are not. In order to model the implications of energy efficiency improvements in its entirety, SAfC 
incorporated the assumptions of the ElA high technology side-cases for the residential, commercial and 
transportation sectors. The high technology case assumes that more energy consuming technologies are 
available for consumers earlier, at a lower cost and higher levels of energy efficiency. 

Title III CO? Emissions Target 

Overall CO 2 emissions from energy production and consumption from entities covered under H.R. 2454 
grow in the ElA's Reference Case to approximately 6,200 million metric tons (MMT) CO 2 by 20.30 (see 
green line in Figure 2): targets proposed under MR. 2454 would constrain emissions to a path shown as 
the descending blue and orange line in Figure 2. Based on analysis of H.R. 2454, emissions would need to 
be cut to 4.627 MMTCO; by 2012. to 5,056 MMTCO 2 by 2020. and to 3,533 MMTCO 2 by 2030. 


TOTAL ENERGY SECTOR C02 EMISSIONS CAP 
SPECIFICATION 



•M#— mi 002 So^ification —— "Adjusted 002 Cap Specffscation 

Refereixe Case &rissions •ACCF-NAMBase Case C02 Brissions 


Figure of COi Emissions Cap and Adjusted ( ap f oiupare,! !i FI A 

Reference Case Fimissions and ACCF-NAM Base Case F.iiiissions 
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The adjusted cap specification (orange curve) represents value adjustments to reflect the staggered initial 
compliance years based on the proportion of actual covered emission sources; the Waxman-Markey bill 
phases in coverage from 66.2% in 2012, 75.7% in 2014, and 84.5% in 2016. In order to implement this 
coverage requirement, some technical adjustments were made in the cap for the early years (2012 - 2()!6). 
Figure 2 also presents the ACCF-NAM Base Case emissions projection that is discussed later. 

Offsets 

ACCF and NAM do not believe that the full 30% (2,000 MMT per year) in oflsets authorized will be 
achieved. Rather, ACCF and NAM believe the more likely level of offsets actually available and utilized 
will be approximately 15% (1,000 MMT per year) of covered CO 2 emissions. Other organizations have 
questioned the degree to which both domestic and international offsets will be available and how 
verifiable the reductions will be. For example, a 2008 report by the GAO analyzing the use of offsets by 
Eli countries striving to meet their Kyoto Protocol targets noted that many of the emissions reductions for 
which companies claimed credit would have occurred anyway and that verifying international emission 
reductions is a difficult and slow process with a significant potential for fraud (see 
http://www.gaQ.gov/ncw.items/d09 1 5 1 .pdf for details). The offset supply and cost data used for this 
analysis are those used for the recent EIA analysis of S. 2191 (Lieberman-Warner Climate Security Act of 
2007). International marginal abatement curves were adjusted to approximate the requirement for 1.25 
tons of offsets credits for each ton of emissions being offset. 

Allowance Banking 

ACCF and NAM considered the level of allowance hcmkin^ihai should be applied in the analysis of FIR. 
2454 and decided upon a cumulative level of 5,000 MMT by 2030. While application of higher levels of 
banking could be justified given the construction of the Waxman-Markey bill providing free auctions 
through 2025, in ACCF - NAM’s judgment, the 5,000 MMT level would be the most likely level 
achieved in the use of banking under H.R. 2454. Note that while allowance horrowing from the future is 
allowed, it was not implemented. 

Strate2iC Reserve Allowance Price Ceiling 

While the modeling did not directly account for a Strategic Reserve of allowances, we believe its main 
purpose is to control allowance price volatility. NEMS has a way to control allowance price movement; 
allowance prices can be set to escalate at a rate no higher than a specified percentage level per year, in 
real terms, during intervals when allowance balances are held. In its analysis of H.R. 2454, EIA imposed a 
ceiling of 74% annual increase in allowance prices.'’ In the ACCF-NAM analysis of H.R. 2454, the 
ceiling is increased to 10% . The reasoning for the higher rate of increase in the ACCF-NAM analysis is 
that if the technology to reduce GHGs through CCS at coal and natural gas fired electric utilities or a large 
scale increase in nuclear generation for electricity or renewables is not commercially available over the 
next 10 to 20 years, companies will have no choice but to pay the market price for each ton of COr 
equivalent they emit. 

Allowance Allocations and Auction Revenue Calculation and Distribution 

The methodology used to implement allowance allocations and revenue distribution in NEMS/ACCF- 
NAM 2 made use of the basic model structure that was previously set up to implement prior cap and trade 
legislation, such as S. 2191. The Waxman-Markey bill allowance di.stribution specifications were 
appropriately mapped to existing allocation categories, where available. Of the various groups identified 
for consumer protection and transitional assistance, SAIC modeled the allocation of allowances to: 


Energy Information Administration, “Energy Market and Economic Impacts of H.R. 2454, the American Clean Enerev and 
Security Act of 2009.” August 2009, page 55. 
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® Biectricity consumers (accounting for 3 1 % of total cumulative allowances from 201 2-2030) 

« Natural gas consumers (accounting for 5.7% of total cumulative allowances) 

* Home healing oil and propane users (accounting for 1% of total cumulative allowances) 

® Low -and Modcrate-lncomc Households (accounting for 15% of total cumulative allowance) 

Allocation of auction revenues was modeled by funding the following categories of macroeconomic 
expenditures: 

® Real federal non-Medicaid grants to state & local governments 
® Real federal non-defined consumption except depreciation & personnel 
® Real state & local consumption except capital construction & personnel 

* Slate and local government transfer receipts 

® Other federal government transfers to rest of the world 

• Federal taxes on production and imports other than for a V'’AT 
® Stale and local government transfer receipts 

® Non-Medicare and Social Security full-employment federal transfer payments 

• State & local non-medical transfer payments 

Auction revenues from unallocated allowances were directed to general government revenues in order to 
retain budget neutrality. Allowance allocation to trade-vulnerable industries was not modeled. 

Title IV - Transition to a Clean Energy Economy 

SAIC did not model any provisions in Title IV. 

ACCF-NAM Base Case 

A project-specific ‘‘ACCF-NAM Base Case'’ was developed for purposes of modeling this project; the 
ACCF-NAM Base Case is compared to the AE02009 Reference Case in Figure 2. The ACCF-NAM 
Base Case was developed by applying assumptions based on the best judgment of ACCF and NAM 
regarding the likely availability/liming of emissions reduction technologies and new' energy sources and 
the level of their use by 2030 as alternative input assumptions to those contained in the AEO20()9 
Reference Case. Inciuciing these alternative assumptions on technologies and energy sources in the Base 
Case allows the model to isolate results on the impact of the provisions of H.R. 2454. This provides a 
more definitive picture of the projected impact of the bill provisions themselves. 


RESULTS OF THE ANALYSIS 

Using the input assumptions and two scenarios provided by ACCF-NAM, the model runs generated 
results showing the economic effects of H.R. 2454 provisions at the national level and for every state. 1 he 
study assumes federal preemption. The absence of federal preemption would risk higher costs. 

ACCF-NAM Results at the National Level 

Key Results in the ACCF-NAM Analysis of the Waxman-Markey Bill (H.R. 2454) 

Table 3 helow' shows the results at the national level of the analysis performed under the NEMS/ACCF- 
NAM 2 modeling for the ACCF-NAM Base Case, Low-Cost Case, and High Cost Case. The analy.sis 
performed under the NBAIS/ACCf-NAM 2 modeling, as shown in lable o, in combination with other 
ACCF-NAM analysis, indicate substantia! and growing impacts to consumers and the economy oi 
meeting increasingly stringent emission targets through 2030. This study's modeling of H.R. 2454 
provides the following key results and policy implications: 
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Table 3: Summary of Results for the United States 
• U,S, economic growth slows: 

U.S. economic growth slows under the Waxman-Markey bill (H.R. 2454), especially in the post-2020 
period as the free emission allowances are phased out for both energy producers and energy consumers. 
In 2030, the inflation adjusted, annual GDP level is reduced by 1.8% (or $419 billion) under the Low' Cost 
Scenario and by 2.4% (or $571 billion) under the High Cost Scenario, compared to the Base Case 
forecast. To put these GDP losses in perspective, in 2008 the Federal government spent $612 billion on 
social security payments to retirees. Looked at another way, if GDP levels are reduced by $571 billion. 
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Federal and State tax receipts will be approximately $170 billion lower since Federal and State 
governments take approximately 30 cents out of every’ dollar of GDP. Thus, government budgets vvili be 
harder to meet. 

Over the entire i 8 year period (2012-2030) covered by ACCF-NAM analysis, cumulative GDP losses are 
substantial, ranging from $2.2 trillion dollars under the Low Cost Case to $3.1 trillion under the Fligh 
Cost Case. Again, the hit to Federal and State budgets is large; cumulative tax receipts will be reduced by 
between $670 billion and $930 billion compared to the Base Case forecast. Given the size of projected 
Federal deficits and State budget receipt shortfalls, policymakers may want to think carefuliy before 
imposing the Waxman-Markey bill on the already struggling U.S. economy. 

® Industrial production begins to decline: 

Industrial production (manufacturing, mining and electric utilities) begins to decline immediately in 2012. 
relative to the baseline forecast, under the Waxman-Markey bill. In 2030. U.S. industrial output levels are 
reduced by between 5.3% and 6.5% under the l.ow and High Cost scenarios. A hallmark of economic 
downturns and recessions is a slowdown in the growth rate or an absolute decline in the level of industrial 
output. Clearly, the negative impact on industrial output of the Waxman-Markey bill would make it 
harder to keep the U.S. economy out of recession or sluggish growth insufficient to restore Job growth. 

« Employment is negatively impacted: 

Employment is negatively impacted by Waxman-Markey, even when additional '“green” jobs are factored 
in. Over the 2012-2030 period, lota! U.S. employment averages between 420,000 and 610,000 fewer jobs 
each year under the Low and High Cost Scenarios than under the baseline forecast. In 2030, there are 
between U790.000 and 2.440,000 fewer jobs in the overall economy. Manufacturing employment is hard 
hit: by 2030; there are between 580,000 and 740,000 fewer jobs, or between a 6% and 7% reduction in 
total manufacturing employment in the U.S compared to the baseline forecast, On average, over the 
2012-2030 period, the manufacturing sector absorbs 59 to 66% of the overall job losses caused by the 
Waxman-Markey bill. 

• Energy prices rise: 

Energy prices rise over the 2012-2030 period, due to the various features of the Waxman-Markey bill 
including prices for carbon permits which gradually rise to between .$123 and $159 dollars per ton ofC02 
by 2030 as well as the renewable portfolio standards, low carbon fuel standards, and energy efficiency 
standards. Over the past decade, each 1% increase in GDP in the U.S. has been accompanied by a 0.3% 
increase in energy use, thus higher energy prices will make it harder to recover from the current recession 
and to reduce the current high rate of unemployment. The ACCF-NAM study shows that residential 
electricity prices are 5 to 8% higher in 2020. in 2030 electricity prices are between 31 to 50% higher. 
Gasoline prices also rise: in 2030 prices are up to 20 to 26 % higher than under the baseline forecast, 

» Household income drops: 

Household income drops under the Waxman-Markey bill, even after accounting for rebates to consumers 
mandated in the bill. In 2030. the decline in annual household income ranges from about $730 in the low 
cost case to about S 1 248 in the high cost ca.se. However the impacts on individual states, especially in the 
Midwest, are about twice as high as the national average. For example, household income in Illinois is 
$ 1,096 lower in 2030 under the low cost case and $1,782 lower under the high cost case. Other 
Midwestern states like Michigan. Indiana and Kansas show a similar pattern, and income losses are much 
higher than the national average. 
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Other Significant Results 
CQ2 Emissions 

Key Finding: Given the two alternative sets of assumptions used for this study and an allowance hanking 
specification of 5000 MMT C ()2 in 2030, Figure 3 shows the respective alternative pathwcoKH to achieving 
the CO 2 emissions cap. The cap is exceeded during much of the projection to meet hanking requirements. 

Due to the banking requirement, the mode! exceeds the cap and over-controls during much of the 
projection period, borrowing from the hank over the last several years to approximately meet the 2030 cap 
value; note that the convergence tolerance limits in 2030 allow for slight variation from the cap value. 



Total CO2 Emissions (including Offsets) 


o 3,000 


■ACCF-NAM Base Case C02 Emissions 
• High Cost Case- Cosered Emissions Less Ofeets 


•Adjusted W-M C02 Cap 

•Low Cost Case; Covered Emissions Less ORsets 


Figure 3. Comparison of Low and High Cost CO 2 Emissions Pro jections (Less Offsets) with 
ACCF-NAM Reference Case and Adjusted W-M Cap 

C02 Allowance Prices 

Key Finding; Given two alternative set.i of assumptions used for this study and a 10% annual allowance 
price cap. the model projects allowance cost projiles that would he required to meet the emissions goals 
established by H. R. 2454 plus the hanking requirements. While the two cases differ, with the Low Co,st 
Case being price-displaced by I to 3 years further into the future, both ultimately call for high price levels 
to satisfy' the emissions cap profile. The 2020 levels range from $48/ton (Low Cost Scenario) to $6 1 /ton 
(High Cost Scenario). Due to offset availability limits, the 2030 levels are significantly higher - ranging 
from $123/ton (Low Cost case) to $159/ton (High Cost case). For both cases, the 10% annual allow'ance 
growth limit was reached in all years of the projection. 

Based on the particular set of generation sources and technology market penetration constraints that the 
ACCF-NAM cases impose, and the cost and constrained availability of offsets, the NEMS/ACCF-NAM 2 
model deriv es the CO 2 allowance cost profile required to achieve tlie H.R. 2454 emissions goals to 2030, 
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also accounling for banking specifications. This cost profile is calculated so as to adjust fossil fuel prices 
to the extent needed by the model to add and dispatch an annual inventory of technologies required to at 
least meet the emissions goal profile, accounting for offsets purchases. 


Projected C02 Allowance Prices 



Figure 4; C02 Allowance Price Profiles Derived by the Model 

In constant 2007 dollars, the price of CO 2 allowances (what companies must pay to emit COjJ could reach 
between $48 and $61 per metric ton of CO; (M f) by 2020 and could increase to between $i23/MT and 
$I59/MT by 2030 (see Figure 4). In both cases, free allowances and the purchase of relatively 
inexpensive offsets significantly constrains allowance prices until the early 2020s (more offsets being 
made available in the low-cost case), followed by a rapid increase in prices as offset availability levels off 
and the CO; emissions goal continues to become more restrictive. The steepest parts the price curve.s 
renccl significant retirement of conventional coal-tired power generation with replacement by more 
expensive advanced coal and natural gas generation technologies that capture and sequester CO;, other 
gas-fired technology, nuclear power, and renewable generation technologies. 

The free distribution of allowances and auctioning of allowances to emitting and non-emitting CO; sources 
will generate revenue for the government that will ultimately be spent by various government entities to cover 
programs designed to help businesses and consumers reduce their emissions or lessen the impacts associated 
with higher energy prices resulting from the allowance prices. The revenues obtained from the sale and 
resale of CO; allowances in the two ACCF-NAM cases are therefore not lost to the economy, but (low 
into the coffers of the selling entities (e.g.. U.S. treasury or state treasuries) and are redistributed based on 
the bill provisions per mapping to existing policy options already set up in the model (e.g., assistance to 
low income consumers, building energy efficiency, transition assistance, etc.). 
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Impact on Jobs 

Key Finding: Based on the allowance price profiles derived for the two ACCF-NAM cases, H.R. 2454 is. 
projected to yield significant employment loss due to the loss of revenues resulting from higher fuel and 
electricity) costs. In 2030, Job loss is projected to range from 1.8 million (Low Cost case) to 2.4 million 
(High Cost case) Jobs/year. 

Under H.R. 2454 the U.S. economy would begin to shed approximately 500,000 jobs a year by 2025 
under the high cost scenario (see Figure 5). This is primarily a result of higher carbon prices resulting in 
higher fuel costs for industry and higher cost to industry to comply with emissions limits. As the cap 
becomes more restrictive and the economy has less freedom to deal with reducing emissions, carbon 
prices and fuel prices increase rapidly, leading to greater job losses. In 2030, there are between 1.8 and 
2.4 million fewer jobs (see Figure 5). These job losses are net of the new jobs which may be generated by 
increased spending on renewable energy, energy' efficiency, and carbon capture and storage. 



Figure 5: Employment Loss 
Impact on Disposable Household Income 

Key Finding: H.R. 2454 is projected to yield significant household income km resulting from higher 
payments for Jiiels and electricity. Although the bill provides some consumer relief for electricity) and 
natural gas customers during the early years, higher energy) prices ultimately have ripple impacts on 
prices throughout the economy and would impose a financial cost of $339 to $564 under the low and high 
cost scenarios year by 2025 on national households, rising to SS64 to $1248 per household in 2030. 

Figure 6 compares household income loss for the two ACCF-NAM cases. Both income loss profile.s are 
similar in shape as impacted by the projected allowance price profiles. For the Low Cost case, an initial 
decline of Si 18 in 2020 is followed by a steeper decline to $339 in 2025 and $730 in 2030. For the High 
Cost case, an initial decline of $250 is followed by larger declines to $564 in 2025 and $ 1 .248 in 2030. 
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Figure 6: Household Income Loss 

Impact on Energy Prices 

Key Finding: H.R. 2454 is projected to yield significant energy price increases by 2030 based primarily 
on the inclusion of the cost of carbon (as quantified by CO; allowance price profiles) as a price 
component for fossil fuels (based on carbon content), as well as the construction and operation of a more 
cosily suite of energy conversion technologies that help .satisfy emission limits. A revamped power- 
generation .sector is projected to increase the co.st of electricity to the residential .sector between 31 (Low 
Cost case) and 50% (High Cost case) by 2030. while the natural gas price increase is projected to range 
between 56 (Low Co.st ca.se) to 74% (High Cost case). However, effects on electricity and natural gas 
prices to residential and commercial consumers are substantially mitigated through 2025 by the 
allocation of. free allowances to regulated electricity and natural gas local distrihutiem companies. Prices 
rise rapidly after 2025 as the free allowance.s are phased out and replaced by an auction. 

In order to influence technology selection and utilization to control CO 2 emissions, the model translates a 
CO 2 tax into an incremental adjustment of fossil fuel prices. The tax is based on the fuel price levels 
required by the model to annually add and dispatch energy conversion supply technologies so as to meet 
annual emissions goals for covered .sectors. .Adju.stmcnts are made on the basis of the contribution of 
carbon to the total mass of a fuel; therefore, the impact on coal is much greater than natural gas, The 
allowance price proilles discussed previously were calculated in this manner with the resultant impacts on 
fuel prices shown in Figures 7 through 10. 

In con.stant 2007 dollars, most energy prices are projected to increase under H.R. 2454. particularly coal, 
oil. and natural gas, directly reflecting the impact of increasing CO 2 allowance prices. The price of 
ga,soline would increase between 8.4 to 11,1% in 2020. For example, motorists would pay an additional 
S0.3i to $0.40 per gallon by 2020 (see Figure 7). in addition, U.S. residential consumers would see 
electricity prices rise between 31 and 50% by 2030 (see Figure 8); prices remain relatively flat during part 
of the projection due to consumer protection measures. The residential natural gas price increase is 
projected to range between 56 to 74% (see Figure 10) in 2030; prices remain relatively flat during past ot 
the projection due to the provision that provides free allocations to local gas distribution companies and 
partial rebates to gas customers. Prices rise rapidly after the free allocations phase out, 
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Rise in Retail Gasoline Prices 


Figure 7: Retail Gasoline Price Increase 


Rise in Electricity Prices t(| Residential Sector 
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Figure 9: Residential Natural Gas Price Increase 
Factors Contributing to Higher Electricity Prices 

Key Finding: H.R. 2454 would reduce OHO emissions from all sectors of the economy (transportation, 
residential, commercial, and industry); however, as the largest emitter of CHGs, the primary impact 
would fall on the electricity generation .sector. 

H.R. 2454 would result in the electric industry retiring (or possibly retrofitting) about half of the coal- 
based generation in combination with using more expensive, as yet unproven technology to capture and 
store COz in geologic repositories. Coal-based power generation is projected to decline by almost 77% 
between 2012 and 2030. Natural gas fares much better and is projected to continue to maintain capacity 
levels, increasing generation output from 58% to 77% between 2012 and 2030 (Low Cost and High Cost 
case.s); while natural gas generation increa.ses market share relative to coal to help meet the CO 2 cap, the 
increased cost of natural gas by the end of the projection is a key fiictor contributing to the higher 
electricity prices. To meet the stringent goals of H.R. 2454, the electric indu,5try would also have to add 
and substitute higher cost technologies, such as biomass and wind, for historically cheaper fossil 
generation. This is true in both the Low and High Cost cases. 

Intpact on Total Energy Expenditures 

Key Finding: By 2030, gross US energy’ expendittires are projected to increase 19% in the Low Cost 
case and 27%> in the High Cos! case over the ACCF-NAM Base case. These significant mcrea.se.s reflect 
the impacts of increased fuel costs (primarily resulting from CO 2 allowance price.s) and changes to 
energy conversion technology infrastructure costs. While these re.sulls may not reflect all of the direct 
redistribution of allowance revenues hack lo these sectors, they do include consumer price rebates for 
electricity, natural ga.s. and home heating oil purchases based on partial return of free allowance 
allocations, as well as impacts of demand-side energy efficiency improvements projected by the model. 
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Figure iO presents the ACCF-NAM model results for the total non-renewable US energy expenditures for 
the residential, commercial, and industrial sectors, plus the renewable and non-renewable expenditures for 
the transportation sector. The High and Low Cost cases are compared with the ACCF-NAM baseline; 
inherent in these results is the inclusion of the CO 2 allowance price impacts on fuel costs. Starting in 
2012, increases are projected to range from 3% for the Low Cost case to 5% for the High Cost case. By 
2020, this range becomes 4% to 7%, and the projected results for 2030 range from 19% to 27%. These 
expenditures include rate amelioration for residential and commercial natural gas and electricity 
customers during the projection period, as well as reduced energy consumption resulting from 
implementation of higher efficiency equipment and appliances. 


Projected US Energy Expenditures 


$2,200 



Utility Electricity Generation hy Fuel Type 

Key Finding: Constraints on nuclear, fossil with sequestration, and renewables generation capacity 
growth {.see Table 2: ACCF-NAM Case Spcci/ication.s) resutfs in a significant redistribution of generating 
capacity f-om coal to natural gas. Nuclear and renewables generation sources grow to their constrained 
capacity levels. This redistribution is accompanied hy a marked reduction in net utility generating 
capacity over the projection period relative to the ACCF-NAM Baseline projection; this results from a 
projection of significant demand-side energy efficiency improvements and reduced growth of electricity 
demand. 

Figure 1 1 through Figure 13 show the breakdown of net electric utility power generation by fuel type for 
the Baseline, Low Cost, and High Cost cases, respectively. In the Low and High Cost cases, the rate of 
decline in coal retirements varies in its rapidity through around 2022, but then converges post 2022 
(slowest decline in the Low Cost case and highest decline in the High Cost case prior to 2022). Total 
generation supplied to the grid declines between the Base Case and the two cases, due to a combination of 
less-expensive demand-side energy efficiency improvements and increased on-site power generation. 
Such declines represent real revenue loss for the utilities. In 2030, total electricity generation is projected 
to markedly decline from 4,712 billion kW-hrs in the Base Case to 3,997 billion kW-hrs in the Low Cost 
case (15% decline) and to 3.8 1 6 billion kW-hrs in the High Cost case (19% decline). 
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ACCF High Cost Case 

Net Generation by Fuel T ype 



Figure 13; High Cost Case - - Electricity Generation by Fuel 


Low Cost Scenario 

• Coal-based generation declines from 2012 (1.837 BkWh) until 2020 (1,245 BkWh), Coal continues to 
play a dominant role in electric generation until about 2022 when it begins to drop significantly to 
satisfy emissions goals and due to gradual loss of free allowance allocations to utilities after 2025, 
ultimately dropping to 418 BkWh by 2030. Both IGCC/CCS (25 GW added) and NGCC/CCS (29 
GW added) technologies peaked below^ their target limits of 30 OW each, partially due to initial year 
of commercialization assumed as 2020. 

• Natural gas generation grows very gradually from 2012 (496 BkWh) until 2024 (636 BkWh). After 
2024, natural gas generation increases more rapidly due to the rapid retirement of coal-based 
generation and becomes a major fuel for generation, ultimately reaching 837 BkWh by 2030. 

• Renewable generation shows strong growth over the forecast, but is limited by the 10 GW per year 
additional capacity growth limits on wind and 5 GW per year on dedicated biomass generation as 
established by the scenario assumptions. Renew'able generation grow'S from 721 BkWh in 2012 to a 
peak of 1,584 BkWh in 2030. Both biomass and wind generating capacity addition W'ere maximized. 

• Nuclear generation is limited to moderate growth due to assumptions regarding the market penetration 
that can be achieved by new net capacity growth (25 GW ma.ximum); accounting for existing plant 
uprates and retirements, the model maximized new nuclear capacity generation capacity by 2030. 
Nuclear power generation grows from 815 BkWh in 2012 to 1,046 BkWh in 2030. 

High Cost Scenario 

• Coal generation gradually declines from 2012 (1,786 BkWh) until 2020 (1,225 BkWh) and remains 
roughly level until 2022. Coal continues to play a dominant role in electric generation until about 
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2022 when it begins to drop markedly to meet emissions goals, ultimately dropping to 415 BkWh by 
2030- Both IGCC/CCS and NGCC/CCS reach their target limits if 1 5 GW each. 

» Natural gas generation gradually climbs from 2012 (553 BkWh) and begins to ratchet up significantly 
after 2020 (625 BkWh), and very significantly after 2022 as coal-based generating capacity is retired. 
After 2025. natural gas becomes a predominant fuel for generation ultimately reaching 1.033 BkWh 
by 2030. 

® Renewable generation shows strong growth over the forecast but is limited by the 5 GW per year 
additional capacity growth limits on wind and 3 GW per year on dedicated biomass generation as 
established by the scenario assumptions. Renewable generation grows from 703 BkWh in 2012 to a 
peak of 1,296 BkWh in 2030. Both biomass and wind generating capacity addition were maximized. 

e Nuclear generation is limited to modest growth due to assumptions regarding the market penetration 
that can be achieved by new net capacity growth (10 GW maximum); accounting for existing plant 
uprates and retirements, the model maximized new nuclear capacity generation capacity by 2030. 
Nuclear power generation grows from 815 BkWh in 2012 to 928 BkWh in 2030. 

Impact on Gross Domestic Product and U.S. Manufacturing 

Key Finding: Due to the higher projected energy’ expenditures in different sectors of the ecotwmy, the 
ACCF-NAM model projects a loss of household income, lower commercial ami industrial output, ami 
lower employment over the projection jmiod that results in reduced gross domestic product (GDP). The 
Low Cost case results project a loss of 0.2% in 2020 and l.8%> in 2020. The High Cost case results 
project a loss ofO. 4%> in 2020 and 2.4% in 2030. 

As pre.senled previously, both the High and Low Cost cases result in projections of very high CO 2 
allowance price levels that commensurately raise fuel prices. These higher fuel prices “force” the 
economy to undergo a significant shift in fuel conversion technology selection/utilization and fossil fuel 
consumption to satisfy the H.R. 2454 emissions cap goals through 2030. Due to the higher energy 
expenditures in different sectors of the economy, the ACCF-NAM model projects a loss of household 
income, lower commercial and industrial output, and lower employment over the projection period that 
results in reduced gross domestic product (GDP). GDP is projected to drop between $40 billion (Low 
Cost case) and $68 billion (High Cost case) per year in 2020 and $419 billion and $571 billion in 2030. 
This accounts for allocation of allowances to; electricity consumers, natural gas consumers, home heating 
oil and propane users, !ow~and moderate-income households. 4 he free distribution of allowances through 
much of the model projection period (to 2025) and auctioning of allowances in the last five years effectively 
generates revenue from both the emitting and non-emitting sources, which, in turn, is modeled as being spent 
by various government entities on programs designed to help businesses and con.sumer.s reduce their emissions 
or reduce the impacts associated with higher energy prices (see Appendix 2). The goal was revenue neutrality. 

To put these numbers in perspective, the U.S. spent $581 biilion on social security payments and $371 
billion on Medicare for retirees in 2007. Slower growth in the productivity of the labor force and lower 
levels of investment overall are responsible for lower levels of GDP. l,abor productivity as measured by 
dol lar of output per person falls 0.9% by 2030. 

Table 4 shows the impact on manufacturing. By 2030, some of the largest hit sectors are transportation 
equipment manufacturing ($83 to $114 billion), chemical manufacturing ($48 to $61 billion), petroleum 
and coal products ($26 to $627 billion), and metals ($37 to $48 billion). However, this analysis did not 
account for Title IV of H.R. 2454, which includes provisions intended to mitigate adverse economic 
impacts by providing rebates for some industrial facilities that w'ill face signiftcant additional costs as a 
result of Tilie HI. Therefore, the re.su!ts shown here represent a conservative scenario during the 
projection period. 
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Projected Loss in GDP Compared with 
ACCF'NAM Base Case 






High Cost case 

\\ 




1 \ 
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Figure 14: Loss in L'.S. Gross Domestic Product 


1 Manufacturing Sector 

Base Case. 
2Q20 2030 

Low Cost Case 
2020 2030 

Hrgn CosiC:::.o 
2020 2030 

Biiiions $2007 







Food Products 

$751.18 

$894.43 

-$6.60 

-$22,54 

-$8.93 

-$30,81 

Beverages and Tobacco Products 

$127.43 

$120.05 

-$0.96 

-$3,85 

-$1.36 

-$4.85 

Textile Mills and Products 

$60-17 

$60.70 

-$0,78 

-$2,55 

-$1.08 

-$3,47 

Apparel 

$14.51 

$11.80 

-$0,16 

-$1,32 

-$0.25 

-$1.82 

Wood Products 

$123-25 

$127,38 

-$2.19 

-$10,18 

-$3.01 

-$13,88 

Furniture and Related Products 

$84.53 

$91.43 

$0,31 

$2,63 

$0.67 

$4.00 

Paper Products 

$184.76 

$202.62 

-$3.43 

-$10,42 

-$4,73 

-$13.07 

Printing 

$99.68 

$108.10 

-$0.03 

-$0,16 

-$0.08 

-$0.13 

Chemical Manufacturing 

$797.13 

$837.64 

-$16-67 

-$48,44 

-$23.26 

-$60.88 

Petroleum and Coal Products 

$287.18 

$294.06 

-$14.03 

-S26.30 

-$14,19 

-$27.07 

Plastics and Rubber Products 

$278.04 

$240.96 

-$47.06 

$17.97 

-$48,97 

$12.45 

Leather and Leather Products 

$4.06 

$3.07 

$0.00 

$0.00 

$0.00 

$0.00 

Stone, Clay, and Glass Products 

$134.32 

$125,35 

-$6.03 

-$17.64 

-$8.69 

-$22.87 

Primary Metals Industry 

$188.10 

$163.78 

-$11.68 

-$36.90 

-$16.79 

-$47.78 

Fabricated Metal Products 

$311.63 

$263-49 

-$2.27 

-$16,21 

-$2.91 

-$20,48 

Machinery 

$362.54 

$256.68 

-$7.29 

-$31.95 

-$9,64 

-$39.83 

Computers and Electronics 

$909.67 

$1,235.19 

-$15.54 

-$71.49 

-$19.89 

-$85,38 

Transportation Equipment 

$885.44 

$1,026.05 

-$27.67 

-$83.26 

-$34.89 

-$113.88 

Electrical Equipment 

$166,20 

$186.56 

-$2.80 

-$17.31 

-$3.62 

-$22.05 

Miscellaneous Manufacturing 

$280.18 

$449.75 

-$3.11 

-$4,66 

-$3.35 

-$ 4.43 


$7,961.75 

$8,338.61 




Shipments 

■$144.46 

-$470.88 

-$171.54 

-$575.16 


Table 4: Impact on the Value of US Manufacturing (Billion 2007 S) 
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NEMS/A CCF-NAM Results at the State Level 

For each state, a two-page report was prepared to show the impact of H.R. 2454 on the state under the 
"High" and "Low” cost scenarios using the assumptions provided by ACCF-NAM. The two-page reports 
describe the potential higher energy costs and resultant impacts in each state on jobs, household income, 
economic growth, industrial production, low income and elderly citizens, and state budgets. To prepare 
the state-specific analyses, the regional NEMS/ACCF-NAM 2 results W'ere post-processed based on 
historical trends/relationships to «et results for economic growth, household income, jobs, industrial 
production and prices at the state."^ 

Tables summarizing the impacts for each of the 50 states are provided below in Table 5 through Table 10. 


"" NiiMS reports ali of these results bv ceasus regions. 
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Tabic 5: Loss in Employment (Thousands of Jobs) 




HIGH CASE. PROJECTION 

State 

2020 

2030 


2030 

Alabama 

0.18 

-27.94 

-1.25 

-38.05 

Alaska 

0.02 

-4.28 

-0.17 

-5.82 

Arizona 

0.18 

-29.61 

-1.26 

-40.32 


0.10 

-17.10 

-0.70 

-23.28 


1.26 

-221.27 

-8.76 

-301,36 


0.16 

-26.32 

-1.12 

-35.85 


0.12 

-17.28 

-0.82 

-23.53 

De laware 

0.03 

-4.49 

-0.19 

-6.12 

DC 

0.02 

-3.23 

-0.14 

-4.40 

Florida 

0.55 

-90.63 

-3.79 

-123.43 


0.29 

-47.72 

-2.00 

-64.99 


0.05 

-8.14 

-0.3 2 

-11.09 

Idaho 

0.05 

-7.38 

-0.31 

-10.05 


0.57 

-88.36 

-3.97 

-120.34 

^si^siiiiiiim 

0.28 

•43.51 

-1.95 

-59.26 

Iowa 

0.15 

-24.02 

-1.01 

-32.72 

Kansas 

0.13 

-21.42 

-0.90 

-29.17 

Kentucky 

0.17 

-25.71 

-1.15 

-35.01 

Louisiana 

0.15 

-26.07 

-1.07 

-35.50 

Maine 

0,05 

-6.59 

-0.31 

-8.98 

Maryland 

0.18 

-30.44 

-1.27 

-41.45 

Massachusetts 

0.22 

-32.08 

-1.53 

-43.70 

Michigan 

0.43 

-66.66 

-2.99 

-90.79 

Minnesota 

0.25 

-42.09 

-1.77 

-57.32 

Mississippi 

0.11 

-16.59 

-0.74 

-22.60 

Missouri 

0.26 

-43.26 

-1.82 

-58.91 

Montana 

0.03 

-4.96 

-0,21 

-6.76 

Nebraska 

0.09 

-14.42 

-0.61 

-19,63 

Nevada 

0.08 

-12.72 

-0.54 

-17.32 

New Hampshire 

0.05 

-6.97 

-0.33 

-9.50 

New Jersey 

0.29 

-50.70 

-2.03 

-69.05 

New Mexico 

0.06 

-9.33 

-0.40 

-12.71 

New York 

0.62 

-108.26 

-4,32 

-147.44 

North Carolina 

0.27 

-44.87 

-1.88 

-61.11 


0.03 

bhebhh 

-0.22 

-7.23 

IBIIIIIIIIIIIIH 

0.51 

-79.76 

-3.58 

-108.63 

EZGEISBBi 

0.13 

-22.10 

-0.91 

-30.10 


0.13 

-23.45 


-31.94 


0.41 

-71.58 


-97.49 

Rhode Island 

0.04 

-5.29 

-0.25 

-7.21 

^SEEEbDSBH!^ 

0.13 

-21.02 

-0.88 

-28.63 


0.04 

-6.42 

-0.27 

-8.74 

Tennessee 

0.25 

-38.20 

-1.71 

-52.03 

Texas 

0.S5 

-144-60 


-196,93 

Utah 

0.08 



-18,12 

Vermont 

0.02 

-3.36 

iiiiiiiiiiiiiiii^^ 

-4.57 

Virginia 

0.25 

-41.40 

-1.73 

-56.39 

Washington 

0.24 

-41.46 

-1.64 

-56.46 

West Virginia 

0.05 

-8.21 

-0,34 

-11.18 

Wisconsin 

0.27 

-41.66 

-1.87 

-56.74 

Wyoming 

0.02 

-2.87 

-0.12 

-3.91 
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Table 6: Oispnsahk Uousehold Income Impact (200 7Sj 



LOW CASE PROJ^tON 


State 

2020 

2030 

2020 i 

2030 ! 

Alabama 

-77 

-588 

■■jjlOBBI 

-1010 

Alaska 

-122 

-704 


-1227 

Arizona 

bsbb 

-461 

-187 

-850 

Arkansas 


-433 

-153 

-781 

California 


-799 

-295 

-1393 

Coiorado 

-9.2 

-537 

-218 

-991 

Connecticut 

-198 

-1212 

-385 

-1990 

Delaware 

-95 

-560 

BHBQHIil 


DC 

-129 

-765 



Florida 

-87 

-515 

-199 

-929 

Georgia 

-87 

-516 

-199 

-930 

Hawaii 

-122 


-260 

-1231 

Idaho 

-76 

-441 

-179 

-813 

Illinois 

-167 

-1096 

-328 

-1782 

Indiana 

-131 

-863 

-258 

-1402 

Iowa 

-125 

-823 

-252 

-1351 


-130 

-851 

-261 

-1397 


-75 

-571 

-176 

-980 


-68 

-485 

-171 

-874 

Maine 

-105 

-645 

-205 

-1059 

Maryland 

-115 

-683 

-264 

-1232 

Massachusetts 

-17S 

-1090 

-346 

-1789 

Michigan 

-134 

-883 

-264 

-1435 

Minnesota 

-145 

-948 

-291 

-1557 

Mississippi 

-74 

-561 

-173 

-963 

Missouri 

-121 

-793 

-243 

-1301 

Montana 

-71 

-414 

-168 

-764 

Nebraska 

-131 

-858 

-263 

-1410 

Nevada 

-95 

-551 

-224 

-1017 

New Hampshire 

-151 

-922 

-293 

-1514 

New Jersey 

-201 

-1259 


-2049 

New Mexico 

-70 

-409 


-755 

New York 

-179 

-1123 


-1827 

North Carolina 

-79 

-467 

-180 

-842 

North Dakota 

-116 

-762 

-234 

-1252 

Ohio 

-133 

-873 

-261 

-1419 

Oklahoma 

-69 

-490 

-173 

-883 

Oregon 

-100 

-577 

-212 

-1005 

Pennsylvania 

-148 

-926 

-285 

-1507 

Rhode Island 

-149 

-914 

-290 

-1501 

South Carolina 

-74 

-436 

-168 

-786 

South Dakota 

■128 

-841 

-258 

-1380 

Tennessee 

-8-6 

-648 

-199 

-1114 

Texas 

-86 

-612 

-216 

-1103 

Utah 

-87 

-503 

-205 

-929 

Vermont 

-120 

-732 

-232 

-1202 

Virginia 

-103 

-608 

-235 

-1096 

Washington 

-121 

-696 

-256 

-1213 

West Virginia 

-65 

-385 

-149 

-694 

Wisconsin 

-134 

-881 

-264 

-1432 

Wyoming 

-94 

-546 

-222 

-1007 
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Tiilik- ii) (iross State Product (iVliilion 2iMI7St 


State 

LOW CASE PROJECttOM 

HIGH CASE PROJECTION 

2020 

2030 

o 

o 

2030 

Alabama 

-444 

-4676 

-762 

-6379 

Alaska 

^100 

-1051 

-171 

-1434 

Arizona 

-662 

-6976 

-1138 

-9517 

Arkansas 

-256 

-2701 

-440 

-3685 


-4954 

-52208 

-8513 

-71226 

Colorado 

-638 

-6722 

-1096 

-9171 

Connecticut 

-581 

-6124 

-999 

-8355 

Delaware 

-236 

-2487 

-406 

-3393 

DC 

-163 

-1715 

-280 

-2340 

Florida 

-1955 

-20607 

-3360 

-28113 

Georgia 

-1085 

-11432 

-1864 

-15597 

Hawaii 

-158 

-1665 

-271 

-2271 

Idaho 

-141 

-1483 

-242 

-2024 

Illinois 

-1676 

-17665 

-2SS1 

-24100 

IBSHHHHII 

-704 

-7414 

-1209 

-10115 


-347 

-3657 

-596 

-4990 

[Kansas 

-310 

-3262 

-532 

-4450 

ESERSSBH^H 

-418 

-4402 

-718 

-6005 

Louisiana 

-483 

-5089 

-830 

-6943 

Maine 

-992 

-10457 

-1705 

-14267 

Maryland 

-719 

-7573 

-1235 

-10331 

Massachusetts 

-132 

-1392 

-227 

-1899 

Michigan 

-1144 

-12058 

-1966 

-16450 

Minnesota 

-703 

-7407 

-1208 

-10105 

Mississippi 

-234 

-2467 

-402 

-3365 

Missouri 

-638 

-6722 

-1096 

-9171 

Montana 

-85 

-900 

-147 

-1228 

Nebraska 

-71 

-750 

-122 

-1023 

Nevada 

-196 

-2066 

-337 

-2819 

New Hampshire 

-163 

-1722 

-281 

-2349 

New Jersey 

-1291 

-13600 

-2218 

-18554 

New Mexico 

-322 

-3397 

-554 

-4635 

New York 

-2958 

-31171 

-5083 

-42526 

North Carolina 

-1057 

-11142 

-1817 

-15201 


-213 

-2242 

-366 

-3059 


-1315 

-13860 

-2260 

-18909 


-340 

-3580 

-584 

-4SS4 


-446 

-4697 

-766 

-6407 


-1439 

-15162 

-2472 

-20685 


-129 

'1355 

-221 

-1848 

South Carolina 

-417 

-4399 

-717 

-6001 

South Dakota 

-92 

-969 

-158 

-1322 


-680 

-7164 

-1168 

-9774 

Texas 

-2836 

-29887 

-4874 

-40775 

Utah 

-265 

-2791 

-455 

-3807 


-70 

-736 

-120 

-1004 


-1033 

-10883 

-1775 

-14847 


-821 

-8653 

-1411 

-11805 


-150 

-1586 

-259 

-2163 

Wisconsin 

-647 

-6815 

-1111 

-9297 

Wyoming 

-67 

-710 

-116 

-968 
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Table 8: Change in Retail Gasoline Prices (2007S per MMBtu) 


LOW CASE PROJECnOK 
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Table 9: Change in Residential Electricity Prices (2007 S per MMBtu) 



LOW CASE PROJECTION 


State 

2020 

2030 


2030 

Alabama 

$0.05 

$13.86 

$0.76 

$5.95 

Alaska 

$3.22 

$6.44 

-$0.05 

$1.30 

Arizona 

$4.90 

$9.99 

-$0.52 

$12.02 

Arkansas 

$0.49 

$9.44 

$2.33 

$6.90 

California 

$3.18 

$6.37 

-$0.15 

$1.28 

Colorado 

$4.75 

$9,67 

-$0.50 

$11.64 


$2,68 

$9,57 

$1.71 

$4.11 


$2.39 

$13.26 

$0.09 

$6.21 


$2.18 

$12.11 

$0.09 

$5.67 

Florida 

$2.38 

$13.22 

$0.09 

$6.19 


$2.08 

$11.54 

$0,08 

$5.41 

BHIHIHHi 

$4.72 

$9.44 

-$0.23 

$1.90 

Idaho 

$3.54 

$7.22 

-$0.37 

$8.68 

Illinois 

$0.25 

$11.36 

$1.28 

$6,75 


$0,22 

$10.03 

$1.13 

$5.96 

IMHIHHi 

$2.58 

$8.71 

$0.50 

$10.57 

Kansas 

$2.26 

$7.63 

$0.44 

$9.27 

Kentucky 

$0.04 

$11.09 

$0.61 

$4.76 

Louisiana 

$0,51 

$9.96 

$2.46 

$7.28 

Maine 

$2.67 

$9.56 

$1.71 

$4.10 

Maryland 

$2.11 

$11.71 

$0.08 

$5.49 

Massachusetts 

$2.68 

$9,57 

$1.71 

$4.11 

Michigan 

$0.26 

$11.69 

$1.32 

$6.95 

Minnesota 

$2.30 

$7.79 

$0.45 

$9.45 

Mississippi 

$0,06 

$14.76 

$0.81 

$6.33 

Missouri 

$2.04 

$6.90 

$0.39 

$8.38 

Montana 2 

$4.40 

$8.98 

-$0.46 

$10.80 

Nebraska 

$2.02 

$6.83 

$0.39 

$8.29 

Nevada 

$5.59 

$11,40 

-$0.59 

$13,71 

New Hampshire 

$2.69 

$9.61 

$1.72 

$4.13 

New Jersey 

$1.12 

$12.32 

$2.59 

$5.51 

New Mexico 

$4.97 

$10.13 

-$0.52 

$12.19 

New York 

$1.48 


$3.42 

$7.27 

North Carolina 

$2.18 

$12.08 

$0,09 

$5.66 

North Dakota 

$1.94 

$6.57 

$0,38 

$7.98 

Ohio 

$0.26 

$11.60 

$1.31 

$6.89 


$0.48 

$9.36 

$2,31 

$6.84 


$1.80 

$3.59 

-$0.09 

$0.72 


$0.97 

$10,62 

$2.24 

$4.75 


$2.59 

$9.26 

$1.66 

$3.97 

South Carolina 

$2.12 

$11.76 

$0.08 

$5.51 


$2.19 

$7,41 

$0.42 

$9.00 

Tennessee 


$12.32 

$0.68 

$5.29 

Texas 

$0.64 

$12.36 

$3.06 

$9.04 


$4.07 

$8.29 

-$0.43 

$9.98 


$2.70 

$9.64 

$1.72 

$4.14 

Virginia 

$2.05 

$11.36 

$0.08 

$5.32 

Washington 

$1.61 

$3,22 

-$0.08 

$0.65 

West Virginia 

$1.59 

$8.83 

$0.06 

$4.14 

Wisconsin 

$0.28 

$12,50 

$1,41 

$7.43 

Wyoming 

$4.11 

$8.39 

-$0.43 

$10.09 
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Table 10: Change in Residential Natural Gas Prices (2007$/MMBtu) 



LOW CASE PROJECTION I 

' v-| 

State 

2020 

2030 


2030 i 

lAlabama 

-$0.47 

$9.30 


$12.20 


-$0.27 

$4,15 


$5.35 


-$0.77 

$10.85 

-$0.16 

$13.92 


-$0.43 

$8.77 

$0.08 

$11.53 


-$0.50 

$7,73 


$9.95 

Colorado 

-SO .48 

$6.84 

-$0.10 

$8.77 

Connecticut 

-$0.34 

$8.26 


$10.87 

Delaware 

-$0.33 

$7.70 

$0.09 

HHQSBHIil 

DC 

-$0.37 




Florida 

-$0,46 

$10.65 

$0.12 

$14.06 

Georgia 

-$0.36 

$8.44 

$0.10 

$11.15 

Hawaii 

-$1.40 

$21.88 

-$0.27 

$28.17 

Idaho 

-$0.55 

$7.81 

-$0,12 

$10.02 

Illinois 

-$0,39 

$7.48 

$0.03 

$9,73 

Indiana 

-$0.43 

$8.28 

$0.03 

$10,78 

Iowa 

-$0.43 

$7.85 

$0.02 

$10.20 

Kansas 

-$0.43 

$7.87 

$0.02 

$10.22 

Kentucky 

-$0.37 

$7.28 

$0.05 

$9.54 

Louisiana 

-$0.41 

$8,37 

$0.08 

$11.01 

Maine 

-$0.30 

$7,29 

$0.09 

$9.59 

Maryland 

-$0.33 

$7,69 

$0.09 

$10.16 

Massachusetts 


$7,95 

$0,09 

$10.47 

Michigan 

mm^rn 

$7.08 

$0.03 

$9.21 

Minnesota 

-$0,40 

$7.29 

$0.01 

$9.48 

Mississippi 

-S0.38 

$7.43 

$0.05 

$9.74 

Missouri 

-$0.46 

$8.44 

$0.02 

$10.96 

Montana 

-$0.51 

$7.16 

-$0.11 

$9.19 

Nebraska 

-$0.38 

$6,91 

$0.01 

$8.99 

Nevada 

-$0.64 

$9.01 

-$0,13 

$11.55 

New Hampshire 

-$0.32 

$7,72 

$0.09 

$10.17 

New Jersey 

-$0.29 

$6.88 

$0.07 

$9.04 

New Mexico 

-$O.S5 

$7.79 

-$0.12 

$9,99 

New York 

-S0,37 

$8,55 

$0.08 

$11.24 

North Carolina 

-$0.34 

$7.88 

$0.09 

$10.40 

North Dakota 

-$0.36 

$6,67 


$8.67 

Ohio 

-SO .44 

$8.44 

$0.03 

$10.98 


-$0.38 

$7.67 

$0.07 

$10,08 


-S0.57 

$8.97 

-$0.11 

$11.55 

Pennsylvania 

-$0.35 

$8.12 

$0.08 

$10.67 

Rhode Island 

-$0.32 

$7.75 

$0.09 

$10,20 

South Carolina 

-S0.34 

$7,96 

$0.09 

$10.51 

South Dakota 

-S0.40 

$7,30 

$0.01 

$9,49 

Tennessee 

-$0,38 

$7.45 

$0.05 

$9,77 

Texas 

-$0.37 

$7.58 

$0.07 

$9,96 

Utah 

-$0,48 

$6.73 

-$0.10 

$8.63 

Vermont 

-$0.28 

$6.76 

$0.08 

$8,90 

Virginia 

-$0.34 

$7.94 

$0.09 

$10.48 

Washington 

-$0.52 

$8.14 

~$0.10 

$10.48 

West Virginia 

-$0.28 

$6.54 

$0.08 

$8.63 

Wisconsin 

-$0.42 

$8.08 

$0.03 

$10.52 

Wyoming 

-$0.49 

$6.97 

-$0.10 

$8.94 
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APPENDIX 1: ADDITIONAL INFORMATION ON THE OPERATION OF THE 

NEMS MODEL 

1) How is supply-side energy conversion efficiency accounted for in NEMS? 

E^ach supply-side technology used by NEMS (e.g., nuclear, natural gas combined cycle) incorporates a 
design specification that accounts for temporal changes in technology efficiency based on commercial 
implementation experience and technology improvement expectation. Efficiency values are specified for 
the year that a technology is assumed to become commercially available for deployment and for some 
year in the future (different for each technology) that accounts for improvements associated with 
experiential learning and continued technology R&D. The model interpolates to establish annual 
efficiency improvements for each supply-side technology. 

2) What is the sensitivity of the mode! to supply-side technology capital costs for power 
generation? 

For capacity expansion decision-making in any given year of the projection, NEMS calculates an 
associated present-value cost of each competing technology based on capital cost, fixed & variable 
operating and maintenance costs (O&M), and projected fuel consumption costs. In concert with 
specified operating and environmental constraints, the model chooses the least-cost mix of technologies to 
meet projected energy demand for the projection period. Therefore, relative differences in technology 
capital costs directly impact the cost-competitiveness of each technology and the extent to which annual 
capacity is added for each. Commercialization-year capital costs are user-specified for each technology 
type and the model projects learning-based cost reductions based on the total capacity added for each 
technology over the projection period. Therefore, the relative technology capital costs often change over 
the projection period depending on the relative levels of technology deployment. 

With regard to operating dispatch decisions, NEMS only chooses the mix of plants that minimizes fuel, 
variable O&M, and environmental costs, subject to meeting electricity demand and environmental 
constraints. 
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A.PPENDSX 2: H.R. 2454 MODELINC ASSUMPTIONS 

Model Function 

NEMS/ACCF-NAM 2 endogenously calculates changes in energv'-related CO 2 emissions for the cases 
assessed in this study. The cost of using each fossil fuel includes the costs associated with the CO? 
allowances needed to cover the emissions produced when they are used, These fuel cost "adjustments" 
intluence energy demand and associated energy-related CO? emissions. The aliow'ance price also 
determines the reductions in projected baseline emissions of other greenhouse gases based on assumed 
abatement cost relationships. Since emission allowance banking is allowed by H.R. 2454. the model 
solves for the prollie of allowance prices such that cumulative emissions match the cumulative emissions 
cap without requiring allow'ance borrowing and with an annual price escalation limit that is consistent 
with a cost of capital specification by ACCF-NAM 

The NEMS/ACCF-NAM 2 Macroeconomic Activity Module (MAM), based on the Globa! insight U.S. 
Model, interacts w ith the energy supply, demand, and conversion modules of NEMS/ACCF-NAM 2 to 
solve for the energy-economy equilibrium. MAM reacts to changes in energy prices, energy consumption, 
and allowance revenues, interactively solving for the effect on macroeconomic and industry level 
variables, such as real gross domestic product (GDP), interest rales, the unemployment rate, value of real 
industrial shipments, housing starts, commercial floorspace. and many other macroeconomic metrics. 

SAIC inodcled the following key provisions of H.R. 2454. 

The AE02009 Reference Case 

In 2008/2009 the EIA released 3 different versions of the AE02009. in Dec. 2008, the BlA released the 
preliminary version of the AF:02009. in March 2009. the EIA released a version that included the 
provisions of the Energy improvement and Extension Act (EIF/A) of 2008 that was passed into law in 
October 2008. In April 2009, another version of the AE02009 was released that included the provisions 
of the American Recovery and Reinvestment Act ( ARRA) of 2009 passed into law in February 2009. The 
April release of the AEO2()09 also inclmled a new macroeconomic outlook that took into account the 
impact of the significant worsening of the ongoing recession that was not included in the March release. 

In the near term, the ARRA of 2009 is projected to decrease the magnitude and duration of the current 
recession. Further out in the projection period, however. ARRA of 2009 adversely atfecls 
macroeconomic performance as the larger budget deficits that result from the additional spending 
embedded in the stimulus package cause interest rates to be higher and GDP growth to be lower. 

SAIC’s baseline forecast for WMB is based on the AE()2009 projection that includes the impact of the 
current recession and the provision,s of .ARRA 2009, to the extent that EIA was able to model them in 
NHMS.^‘ NEMS mode! changes by EIA reflect the following programs of ARRA 2009; 

• Weatherizalion, assisted housing, energy efficiency, and conserv^ation block grants 
» State energy programs 

® Plug in hy brid and electric vehicle tax credits 
■ Tax credits for renew^ables 

« Loan guarantees for renewables, biofuels and transmission projects 
« Support for CCS 

• Smart grid expenditures 


The details of the implementation are described in, Updated Annual Energy Oiifhok 2009 Reference Caxe Revisiom 
Reflecting Provisions of the American Recovery and Reinvestment Act and Recent Changes in hconomic Outlook. April 2009. 
Energy information Administration. 
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Title I ~ Clean Energy 

Subtitle A -Combined Efficiency and Renewable Electricity Standard 


Section 101 requires electric utilities that sell more than 4 million MWh of electricity to consumers meet 
the following percentage of electricity load generated from a combination of renewable sources and 
energy efficiency savings: 


Calendar Year 

Required Annual Percentage 

2012 


2013 


2014 


2015 


2016 


2017 


2018 

s'-"’ 

2019 


2020 


2021 . 




:C23 


2( ' 

W.f. -i- 23 

2025-2039 

' ' ■ 25 


Table A2-I. Combined H.R. 2454 Renewable and Efficiency Standard 


The required annual percentage can be specified at the 13 Electricity Market Module regions or at the 
national level In NEMS. SAIC modified the NEMS' Electricity Market Module and the 
Residential/Commercial/Industria! Demand Module inputs to account for a goal of 15% renewables and 
5% energy efficiency by 2020. As stipulated in H.R. 2454. nuclear generation was excluded from the base 
in calculating the required annua! percentages. 


With regard to renewables, the model results (Figure A2~l ) exceed the minimum renewable requirements 
specified by H.R. 2454 due to the supply technology constraints applied to fossil, renewable, and nuclear 
capacity expansion. See the discussion below under Title il for the energy efficiency changes. 



Figure A2-1. Renewables Utilization Achieved 
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Title II - Energy Efficiency 

The various provisions of Title 11 provide impetus for energy efficiency improvements for buildings, 
lighting and appliances, transportation, and industries. While some specific provisions of this Title are 
specific, others are not. For e.xample. Section 204 of Title 1} establishes a building energy performance 
labeling program. The impact of such programs is difficult to estimate and SAIC did not specifically 
model provisions of this type. However, in order to model the implications of energy efficiency 
improvements in its entirety. .SAIC implemented the ElA high technology side-cases for the residential, 
commercial and transportation sectors. The high technology ca.se assumes that more energy consuming 
technologies are available for consumers earlier, at a lower cost and higher levels of energy efficiency. 
The results of this approach are presented in Figures A2-2 and A2-3 below for the commercial, 
residential, and indu.strial sectors. In 2020. the average energy efficiency improvement for all sectors, 
based on an energy intensity metric (total energy consumed/ft"). is approximately 5% per the bill 
specification. 



E’igure A2-2. Low Cost Case Energy Efficicney Improvements Comparison 



Figure A2-3. High Cost Case Energy Efficiency Improvements Compari.son 
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Title SO - Reducing Global Warming 

Title III is the main cap and trade provision of H.R. 2454. GHG emission targets decline each calendar 
year according to the following schedule: 

® 2012: 4,627 MtC02e (97% of 2005 emissions levels, or 3% below) 

8 2020: 5,056 IVItC02e (83% of 2005 emissions levels, or 17% below) 

e 2030: 3,533 MtC02e (58% of 2005 emissions levels, or 42% below) 

» 2050: 1,035 MtC02e (17% of 2005 emissions levels , or 83% below) 

The following sectors are covered with a staggered initial compliance year: 


^ : -- 
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Table A2- 2. Compliance Year Specifications by Sector 


SAIC made some value adjustments to reflect the staggered initial compliance years based on the 
proportion of actual covered emission sources. This was very confusing in the bill, but we decided to 
make an adjustment that established a consistent spcciflcation. See Figure A2-4 below. 

H.R. 2454 calls for increasingly stringent emissions caps beyond 2030, the forecast horizon for 
NEMS/ACCF-MAM 2. Meeting these post-2030 caps will require significant emission reductions outside 
the electricity sector, which is the predominant source of early emissions reductions and increasing price 
pressure, assuming no technological breakthrough in transportation and other energy conversion processes 
dependent on lossil fuels. As a result, SAIC assumes that there will be an allowance bank balance at the 
end of 2030, albeit hanking of allowances is unlimited in H.R. 2454. ACCF-NAM specified a target 
allowance bank of 5 billion metric tons by 2030 in order to comply with more stringent caps beyond 2030 
and account for the long utility phase-in period to 2025, A two year compliance period allows borrowing 
from the bank one year ahead without penalty. Borrowing allowances from years two through five can be 
done, but with an interest rate penalty. l! was assumed that the interest rate penalty would likely prevent 
any type, of borrowing, and therefore borrowing was not modeled. 
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Figure A2-4. Carbon Cap Specification Adjustment 


Figure A2-5. Comparison of Bank Balance Outcome 

Strategic Reserves were not specifically modeled. However, the implications of a .strategic reserve were 
modeled by preventing allowance prices from increasing by more than 10% each year. This compares 
with EIAhs .specification of 7.4% per year. 

Offsets are limited to 2.000 million metric tons per year evenly split between domestic and international 
offsets. However, depending on whether limits on domestic offsets are met, there is a pro rata sharing 
which may alter these limits. The percentage of total offsets allowed in the caps is approximately 30%. It 
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was assumed that 15% of domestic offsets and 15% intemationa! offsets were potentially available. The 
offset availability and costs used in this study were those incorporated into the April version of EIAA 
NEMS model, which were the same as used for their S. 2191 study 

H.R. 2454 Allowance Allocation Implementation 

The free distribution and auctioning of allowances to both emitting and non-emitting CO 2 sources 
generates direct revenue and tax revenue for the government, which, in turn, is assumed to be spent on 
programs designed to help businesses and consumers reduce their release of greenhouse emissions or 
lessen the direct impacts associated with higher energy^ prices. In order to model the allowance 
allocations, SAIC applied a similar approach to implement H.R. 2454 that EIA originally designed for 
implementing S.2191, with modifications as specified by the W-M bill Free allowance allocations, such 
as for the electricity sector, are placed into a “Grandfathered” category that is implemented via code, and 
revenues from “Remaining” allowances are implemented together with allowance auctions by mapping 
into one of the following government expenditure “Accounts”: 

• Local Government expenditure 

• Federal Government expenditure 

• International transfer payment 
» Domestic transfer payment 

Basically, the W-M bill allocates free allowances to 15 “players” for Consumer Protection. Transition 
Assistance for Industry, Energy Efficiency and Clean Energy Technology, and other public purposes. 
Section 782 of Title III describes the allowance allocation scheme. Allocations can be classified into four 
major categories by purpose: 

» Consumer Protection (53% of total cumulative emission allowances from 2012-2030) 

• Transition Assistance for Industry (13% from 2012-2030) 

• Energy Efficiency and Clean Energy Technology (12% from 2012-2030) 

• Other Public Purposes (13% from 2012-2030) 

Of the various groups identified for consumer protection and transitional assistance, SAIC directly 
modeled the allocation of allowances to: 

• Electricity consumers (accounting for 3 i% of total cumulative allowances from 2012-2030) 

• Natural gas consumers (accounting for 5.7%) 

• Home heating oil and propane users (accounting for 1 %) 

• Lovv-and Moderate-Income Households (accounting for 15%) 

Since H.R. 2454 is unclear about the allocation split between generators and LDCs in the electricity 
sector, SAIC modeled the implications of free allowances by assuming the same ratio as assumed in the 
Lieberman-Warner S. 2191 analysis. Making this assumption allocates about 19% of the allowances to 
generators over the 2012-2030 period and 13% of the allowances to LDCs. 

SAIC modeled the implications of free allowances to natural gas LDCs by making the following 
adjustments to residential and commercial natural gas prices. The amount of allocated allowances for each 
year was multiplied by the allowance price for that year to determine the total value of the a!!ocation. 
This value was then divided by the annual consumption in the residential and commercial sectors to 
generate a per dollar Btu value. H.R. 2454 stipulates that the value of those allowances should not 
undermine the con.sumer's incentive to conserve and invest in energy efficiency measures by low^ering 


“Energy Market and Economic Impacts of S. 2191, the Lieberman-Wamer Climate Security Act of 2007, April 2008, 

SR/01AF/'2008-0], http;//www.eia.doe.gov/oiaf'servicerpt's2191/pdf'sroiaf(2008)0i.pdf. 
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energy costs, in other words, they cannot be rebated to consumers in some proportion of the amount of 
natural gas that they use. The allocation value has to be returned to customers either through demand-side 
management programs or utility investment in energy efficiency or through fixed rebates or credits on 
bills. If the rebate is applied to the fixed charge portion of a customer's bill, then the total bill can be 
lower despite the demand charge being higher because of carbon caps. NEMS does not have the 
fiexibiiity to allow user-defined adjustments of natural gas bills, in order to model the impact of losver 
bills indirectly. SAiC assumed that the fixed charge portion of the per dollar Btu value from free 
allowances as being 61% of the calculated value for the residential sector.''^ SAIC further assumed that 
half of that fixed charge value was rebated using allowance funds. The resulting per dollar Fitu value was 
then subtracted from projected residential and commercial end use prices to reflect lower natural gas bills. 
The remainder of the free allowances was assumed to be invested in programs to improve end use 
efficiency. 

The free allocation of allowances to protect heating oil customers was modeled without the restrictions 
imposed for natural gas customers. 

For each of the "Remaining" allocation areas, such as assistance to low and moderate income households. 
vSAICT representation mapped them to the following categories of macroeconomic expenditures: 

• Rea! federal non-Medicaid grants to state & local governments 

9 Real federal non-defense consumption excluding depreciation & personnel 

• Real slate & local consymption excluding capital consumption & personnel 
« Slate and local government transfer receipts 

• Other federal government transfers to rest of the world 

e Federal taxes on production and imports other than for a VAT 
« State and local government transfer receipts 

9 Non-Medicare and Social Security full-employment fed. transfer payments 

• State & local non-medicai transfer payments 

These taxes and expenditures are then grouped into one of the above four government “Accounts” and 
each account's share i.s then quantified. Having the total carbon revenue computed, each account receives 
its money based on its share in the mapping. 

Figure A2-5 shows the outcome of above mapping: 



WM Mapping of NEMS Simuiation Shares 

! 

80% . 

nvilliilnl 

linnfiiijiKMinp 

i 

60% 

r V ■fh* _ L - * iiH 3 4 . i 

^ ' oaomesUctfansferpayiTients >• 

40% 

i - r ? .1- E i il3 i ! =ji 

; Dea''i3ferpay’'wt9at>foad :• 

S,! i‘l I'l iji III 1 

a Non-defense federal spending;- 

20% • 

: ,aStafe Spending : 

Q% 

: jjjjm i M 








Figure A2-5. Mapping of Remaining Allocation Shares into Government Accounts 


Based on EiA data, the average fixed charge for the 1990-2008 period was estimated at 01% in the residenSiai sector by 
examining the ratio of wellhead to residential prices. The commercial ratio averaged 54% for the period, 
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Allowance Auction Implementation 


SAIC estimated auctions (CCCC AUocalions in NEMS) by subtracting all free allocations from the 
allowance cap. The auctions curve begins at 14%, quickly drops to around 1%, and rises suddenly to 1 1 % 
in 2026, and then 48% in 2030. In this implementation, 100% of auction revenues were directed to 
general government revenues in order to retain budget neutrality. Figure A2-6 summarizes the combined 
mapping of the revenue of 'remaining allowances’ and auctioned allowances to the government accounts 
and industry. Figure A2-7 maps the nominal government revenue to expenditures by share. Figure A2-8 
depicts the related government spending results. 
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Figure A2-6. Mapping of Total Allowance Tax and Auction Revenue Shares 



Figure A2-7. Mapping of Nominal Revenue Expenditures by Share 
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H.R. 2454 Spending Simulation 
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Figure A2-8. Expenditures by Category' 

Title IV - Transition to a Clean Energy Economy 

SAiC did not model allowance allocation to trade-vulnerable industries (accounting for 1 1,3%) because 
we were unable to modify the Global Insights macro model. 

vSummary of Provisions Not Modeled 

This modeling effort does not address all the provisions of H.R. 2454. Provisions included are: 

• Clean Energy Deployment Administration: 

• Allowance allocation to trade-vulnerable industries; 

• Strategic allowance reserve (but annual allowance price limits are included); 

• Independent cap-and-trade program for MFC emissions; 

« Perfonnance standards for activities not subject to the COz cap-and-trade program; 

• Distinct distribution of allow ances to coal merchant plants; 

« Efficiency standards for transportation equipment, and 

» Effects of increased investment in energy research and development. 
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Senator Boxer. Thank you, Senator. 

Senator Whitehouse. 

Senator Whitehouse. Madam Chair, I will waive my opening 
statement. I stand hy yesterday’s opening statement. 

Senator Boxer. Wliich was so good. 

Senator Whitehouse. Thank you. 

[Laughter.] 

Senator Boxer. Thank you very much. 

Senator Bond. 

OPENING STATEMENT OF HON. CHRISTOPHER S. BOND, 

U.S. SENATOR FROM THE STATE OF MISSOURI 

Senator Bond. Thank you very much. Madam Chair. 

People today are talking about a new poll that shows that people 
want Government to take action to cut carbon emissions. Sounds 
like a nice idea. But it is also like asking how many people want 
a free lunch. 

When pollsters ask the American public how much they are will- 
ing to pay to fight the emissions they claim for global warming, the 
results are much different. A Rasmussen poll found that 79 percent 
of Americans oppose paying even $100 per year more in higher 
taxes and/or higher utility costs to fight global warming. According 
to the poll, the majority of 56 percent did not want to pay a single 
penny to fight global warming. 

And that is what I am hearing back home. It is not that Missou- 
rians do not care about the environment. We do. We have always 
supported measures, responsible measures, to clean up the environ- 
ment. But what we do not want to do is kill jobs and raise energy 
taxes. What we do not want to do is strangle the economy with a 
deep recession. 

Rural Missourians who depend on electric co-ops for power rose 
up to send this message. And what you see today are over 30,000 
signed cards demanding that we keep power bills affordable. Thir- 
ty-thousand Missourians object to unfair proposals that would hurt 
the Midwest and hurt consumers in my State. They want to live 
with reasonable and responsible regulations, not burdensome man- 
dates. 

These are cards that were brought to my office by the Association 
of Missouri Electric Co-ops. The head of the Missouri Co-ops, Barry 
Hart, is here testifying later today. I thank him for his leadership 
and the sacrifices he has made to come up here. He will share with 
the committee how cap and trade legislation, like Waxman-Markey 
or Kerry-Boxer, will raise Missouri electricity rates up to 26 per- 
cent starting in 2011, 2012, and rising to 42 percent higher as soon 
as 2020. 

Missourians do not understand why we would slap ourselves 
with energy taxes when it would do nothing, and I will emphasize 
nothing, to change world temperatures. That is what the scientists 
at ERA have told us. If EPA acts alone with a bill like Kerry-Boxer, 
it will have an impact on world temperatures almost too small to 
measure because China and India have already said flatly that 
they will not agree to strangle the growth of their economy to pull 
people out of poverty through mandated carbon reductions, which 
means not enough energy to supply the jobs they need. 
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America can do better. We can cut carbon emissions without rais- 
ing energy taxes, killing jobs, if we go to zero carbon nuclear 
power, low carbon hybrid and electric transportation, advanced 
fuels, and wind and solar where they make economic sense. That 
is the path that Congress should take. That is the path that Mis- 
sourians want to see. 

And I thank the Chair. 

Senator Boxer. OK. Thank you very much. Senator. 

I am going to take my 2 minutes to respond to some of what has 
been said, and then we are going to get right to the panelists. 

First of all, this poll is very interesting and so are all the mes- 
sages you received from your constituents, which are very, very im- 
portant. 

But I think it is important to look at a poll, a CNN poll, which 
showed in April that only 44 percent of the people supported cap 
and trade system, which we call Pollution Reduction Investment, 
but cap and trade system. And now, after they have learned more 
about it because there have been lots of ad wars back and forth 
and discussions like this one we are having here that get covered, 
60 percent favor it, and it has been described to them not in very 
glamorous terms. 

It says under a proposal called cap and trade, the Federal Gov- 
ernment would limit the amount of greenhouse gases companies 
could produce in their factories. If companies exceeded those, they 
would have to either pay a fine or pay money to other companies 
that produce smaller amounts of greenhouse gases. Would you op- 
pose or favor this proposal? Sixty percent favor it. 

And I am going to put in the record, I ask unanimous consent, 
the CNN story that goes with it. It says 60 percent of those ques- 
tioned say they favor cap and trade, a Democratic sponsored plan 
in which the Federal Government explains it. Thirty-seven percent 
oppose, and it goes on to say that this comes out as the Senate En- 
vironment Committee holds a hearing on this legislation, and that 
this legislation includes provisions to hold down costs to consumers 
in certain industries. 

And it says Republicans say the bill would destroy jobs and in- 
crease taxes and energy costs. But the bottom line that I found is 
interesting is the youth, the divide on generations, colleagues. And 
I see some young people in the audience. I would say the survey 
indicates a generational divide with 68 percent of Americans under 
age 50 supporting cap and trade. But those 50 and older split on 
the issue. And a Democratic divide there. It says that 3 in 4 Demo- 
crats back it, 6 in 10 Independents back it, but only 4 in 10 Repub- 
licans. 

So, it is a very interesting situation here. 

Now, I would also say I will put in the record also an analysis 
that shows that under our bill, 161 nuclear power plants would be 
developed as opposed to the Alexander plan, which is 100 plants 
paid for by the rate payers. And the reason is, once there is a price 
put on carbon, it makes nuclear much more affordable. 

In addition, we have a nuclear title in the bill. Some want it 
more robust. Senator Carey is working with Senator Graham on 
just that. Senator Lieberman when it gets to the floor. But right 
now we have an R&D investment in nuclear waste management in 
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our bill. We support safe and clean nuclear energy industry 
through provisions to support worker training, which are funded in 
the bill. 

So, we are moving forward. I see that Senator Barrasso has ar- 
rived so 

Senator Bond. Madam Chair, may I interrupt to ask unanimous 
consent to have entered in the record the Rasmussen Poll which 
shows that 77 percent would not be willing to spend more than 
$100 for reducing global emissions? 

Senator Boxer. Yes. And happily, our bill does not cost more 
than $100. 

Senator Barrasso. 

[The referenced CNN poll follows:] 
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May S, 2009 

CNN Poll: Global warming can be stopped 


From CNN Deputy Political Director Paul Steinhauser 

WASHINGTON (CNN) • A new national poll indicates that a majority of Americans think that global warming is real, 
and that the federal government can do something to slow or stop the phenomenon. 

Fifty-four percent of those questioned in a CNN/Opinion Research Coiporation survey released Tuesday say that 
global warming is occurring and that Washington can take steps to slow the rate of global warming, or eventually stop 
it altogether. Twenty-seven percent agree that global warming Is real, but think the federal government is powerless 
to stop it or slow it ctown, and 17 percent say that global warming is not occurring. 

"Two-lhirds of Democrats think that the government can do something about global warming, but only a third of 
Republicans feel that way," says CNN Polling Director Keating Holland. "The same number of Republicans don't 
believe that global warming is happening at all. Only one in 20 Democrats think global warming is a myth." 

The poll also suggests that a slight majority oppose a proposal called "cap and trade." which would allow the federal 
government to limit the emissions from industrial facilities such as power plants and factories that some people 
believe cause global warming. Companies that exceed the limit could avoid fines or higher taxes by paying money to 
other companies that produced fewer emissions than allowed. Forty-four percent support "cap and trade." which is 
backed by the Obama administration. 

The survey's release comes on the same day that more than 30 congressional Democrats met with PresidenI Obama 
at the White House to discuss the issue. The president is trying to prevent progress on climate change, one of his 
signature issues, from being derailed by divisions within his own party over "cap and trade." 

"Since more than four in ten Americans believe that the government can do nothing about global warming, a cap-and- 
trade proposal • or any other government action that is meant to reduce global warming - may be a hard sell," Holland 
says. 

The CNN/Opinion Research Corporation poll was conducted April 23-26, with 2,019 adult Americans questioned by 
telephone. The survey's sampling error is plus or minus 3 percentage points. 

Tiiod umior CNN poll - Global Warming 


http://poHticaltic ker,bioR5.cnn.com/20Q9/05/Q5/cnn-poll-eiobal-warmine-can-be~stQpped/ 
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OPENING STATEMENT OF HON. JOHN BARRASSO, 

U.S. SENATOR FROM THE STATE OF WYOMING 

Senator Barrasso. Thank you very much, Madam Chairman. I 
know that I have only 2 minutes when I was prepared to talk a 
little longer. But I will tell you that I have concerns about that, 
and I would like to have my entire statement as a part of the 
record. 

Senator Boxer. Yes. And you could go 3 minutes. 

Senator Barrasso. Thank you very much. Madam Chair. 

Well, the warning signs are all around us that this energy tax 
bill is going to lead to lost jobs, higher energy prices, and I think 
will do very little in terms of an environmental gain. But you do 
not have to take my word for it. Here is an Investors Business 
Daily, Cap and Fade. The sub-headline is the Senate has finally 
rolled out its long awaited cap and trade bill to slash carbon diox- 
ide. Looking at its Draconian restrictions on the U.S. economy, it 
is hard to believe its supporters are serious. 

The editorial goes on to state that the Boxer-Kerry energy tax 
bill will take $9.4 trillion from the gross domestic product, will kill 
2.5 million jobs, gasoline prices will go up, electricity rates will 
nearly double. The editorial concludes the only way to meet Boxer- 
Kerry’s goal will be to push the economy into a state of permanent 
recession. A permanent recession. 

Jim Manzi, a Senior Fellow at the Manhattan Institute, wrote in 
the D.C. Examiner that the House passed energy bill would be a 
terrible deal for American taxpayers. If the law works precisely as 
intended, in about 100 years we should expect surface tempera- 
tures to be about one-tenth of 1 degree Celsius lower than they 
would otherwise be. The expected costs to the American people are 
at least 10 times that of the expected benefits. So the American 
people are going to bear the brunt of the lost jobs and higher en- 
ergy costs all for just one-tenth of 1 degree in 100 years. 

The person who actually wrote the most about the cap and trade 
was Thomas Crocker, who is a University of Wyoming professor. 
He has written in the Wall Street Journal as a critic, now, of this, 
saying that cap and trade’s flaws, if applied to climate change, and 
they are extensive. I think Doug Elmendorf stated, as we have 
heard in testimony in the Senate in the last couple of weeks, the 
fact that jobs turn up somewhere else for some people does not 
mean that there are not substantial costs, substantial costs, borne 
by people, communities, firms and affected industries and affected 
areas. We have seen this in manufacturing. We have seen it with 
the Rust Belt. 

The warning signs are all around us. We need to heed them in 
terms of our economy to ensure that Americans who do not get 
green jobs are able to keep the red, white and blue jobs that they 
have and to continue to power the country. 

To me, that is the way to make America’s energy as clean as we 
can, as fast as we can, without raising energy prices on the Amer- 
ican families. 

Thank you. Madam Chairman. 

[The prepared statement of Senator Barrasso was not received at 
time of print.] 
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Senator Boxer. Thank you, Senator, you are very eloquent. 
Those exact words almost were used hy those who were fighting 
the acid rain cap and trade program. To the words. To the very 
words. And it proved completely incorrect. 

So, we are going to go to the panel. I want to hold up. Since you 
held up a chart, we are going to have our little chart wars today. 
You hold up one, we hold up one. It is kind of equal time. 

Senator Barrasso. Could I have my editorial on Cap and Fade 
included then in the record as well since 

Senator Boxer. Without a doubt about it. Yes. Yes. 

Senator Barrasso. Thank you. Madam Chairman. 

[The referenced editorial was not received at time of print.] 

Senator VoiNOViCH. Madam Chairman, could I have my state- 
ment also included 

Senator Boxer. Yes. The entire statement will be put in the 
record. 

Senator VoiNOViCH. And the information that we have on what 
this would cost 

Senator Boxer. Yes, all of your information. Senator Voinovich. 
Senator, anything you want. Anything you want. 

Senator Voinovich. Wonderful. Thank you. 

[The referenced information was not received at time of print.] 

Senator Boxer. All right. The U.S. must seize opportunity in 
global clean energy markets. This is a quote from John Doerr, the 
venture capitalist who helped launch Google and Amazon. Now, 
Google is here represented. So this is not from Government people. 
This is from the private sector, the people who know what really 
makes our economy go, more than we do, if I could say. 

As we sit here today, we are in danger of letting the energy tech- 
nology revolution pass us by. John Doerr, venture capitalist. The 
global clean energy market is estimated to reach $500 billion a 
year by 2020. Despite early U.S. leadership, German, Spanish and 
Chinese firms have gained market share. tl.S. -China solar manu- 
facturing market share changed from 2001 to 2008. In 2001, we 
had 28 percent. China had 1 percent. In 2008, the U.S. has 6 per- 
cent and China has 29 percent. So, ladies and gentlemen, all of this 
talk about gloom and doom? It is correct. But it applies if we do 
not act. 

We are going to get to our panel, and we are going to start with 
Peter Brehm, Vice President of Business Development and Govern- 
ment Relations, Infinia Corporation. 

Welcome. 

STATEMENT OF PETER BREHM, VICE PRESIDENT, BUSINESS 

DEVELOPMENT AND GOVERNMENT RELATIONS, INFINIA 

CORPORATION 

Mr. Brehm. Thank you very much. Madam Chairman. 

Chairman Boxer, Ranking Republican Inhofe and members of the 
committee, I am Peter Brehm, Vice President of Business Develop- 
ment and Government Relations for Infinia. We are headquartered 
in the State of Washington, and we have operations in California, 
Maryland, Michigan, Massachusetts and New Mexico. I represent 
Infinia on the Board of Directors of the Solar Energy Industries As- 
sociation, which is also one of the reasons that I am here. 
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It is an honor to appear before you to testify on behalf of Infinia 
and the Solar Energy Industries Association. I would also note that 
we are strong supporters of BlueGreen Alliance and the Apollo Alli- 
ance, and I work quite extensively and have in the past with Mr. 
Reicher as well. 

In the 5 minutes I will be speaking to you today, enough sunlight 
will shine upon the United States to satisfy America’s energy needs 
for an entire month. 

Let me first tell you a bit about my firm. Infinia has developed 
and manufactures the Infinia Solar System, a unique, high per- 
formance solar power system that uses a Stirling engine and a 
parabolic mirror to convert sunlight, which is free, into electricity, 
which is valuable. Our system is not a PV or solar panel-based sys- 
tem, but instead a unique U.S. -developed and manufactured con- 
centrating solar power system. 

Each of our Infinia Solar Systems produces 3 kilowatts of grid- 
quality electricity. Our systems do not consume water, which is in 
short supply in the West, nor do we need fiat or graded ground to 
operate. 

Notably, we manufacture here in the United States, and at a 
time when the auto industry is facing historic difficulties, our tech- 
nology is perfectly suited to be manufactured on automobile factory 
lines. 

I will diverge from my testimony a bit just to respond to Senator 
Voinovich’s comments earlier. I would like to note that two of our 
most significant vendors, which we are very proud of, are based in 
Ohio, MSG Molded Fiberglass Companies, they make the fiberglass 
backing for our solar panels 

Senator VOINOVICH. I know them very well. 

Mr. Brehm. You know them very well. They are an excellent 
company and they have done great work with us. Another one is 
Zigent Automotion Systems in Ohio, and they actually are a robot- 
ics firm, and they place our mirrors on those same panels. 

And I also note that our initial Stirling engine technology was 
developed in cooperation and with the great assistance of the folks 
at NASA Glenn. 

Our technology is only one of many that are being developed and 
in commercial use. The greatest challenge the U.S. solar industry 
faces is scaling up production and distribution of solar technology 
in order to continue to drive down prices and be on par with or 
below the price of traditional fossil fuels. 

The outlook for solar is bright, pardon the pun, particularly if 
Congress levels the field by enacting strong climate change legisla- 
tion. Recently, the U.S. solar industry has demonstrated remark- 
able growth with the annual rate of solar distributed generation in- 
stallations increasing by more than 80 percent in 2008. Last year, 
solar produced over 8 times as much energy as in 1985, and al- 
ready this year 40 percent more than last year. 

This is great, but not nearly enough. More can be done, and more 
should be done, if the United States is going to put a serious dent 
in emissions of greenhouse gases. 

There is a very significant potential for growth of solar energy 
in the United States with the price signals and incentives that 
could be provided this legislation. 
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Infinia is a growing company that currently employs over 140 
people, and if a robust climate change bill is enacted, our growth 
rate will double. Good, high paying clean energy jobs will be cre- 
ated here in the United States. 

We believe this climate change policy is a key step in a com- 
prehensive national energy policy. The proposed legislation will 
spur tremendous demand for all renewable energy technologies. We 
encourage the committee to strengthen the proposed legislation to 
ensure that more of the demand for renewable energy technology 
and products will be supplied by U.S. manufacturers. 

Solar energy will create thousands of jobs, install half a gigawatt 
of solar capacity and avoid more than 1 million tons of carbon 
emissions in 2009. These numbers will more than double in 2010. 

With the right incentives, a fair regulatory environment and the 
right economic environment, there will be no limit to how much 
solar energy can contribute to the solution. For the solar industry, 
a robust climate change bill will send a clear price signal on the 
cost of emitting carbon, which currently has no market price other 
than the cost to our global environment that will be paid by our 
children and grandchildren. This price signal will affect long-term 
generational planning and project financing and may mark a para- 
digm shift in the Nation’s energy future. 

In the more immediate term, solar and other renewable energies 
need to receive allowances in the early years of the program in 
order to scale up the industry and bring down the costs so we can 
more effectively satisfy the [unclear] of a carbon-free clean energy. 
Those allowances can come from Federal deployment programs for 
distributed generation and utility-scale renewables and from allow- 
ances going to the States and localities for renewables. 

For Infinia, it is particularly important that some of those State 
allowances go toward the manufacturing development of incentives 
for solar and other domestic renewals energy technologies. It would 
be a huge missed opportunity if we replaced oil imported from the 
Mideast with renewable energy technology from overseas. 

In addition, we encourage the committee to consider the inclu- 
sion of Senator Sherrod Brown’s IMPACT, Investments for Manu- 
facturing Progress and Clean Technology, bill or similar proposals 
into this climate change legislation to spur the development and 
manufacture of renewable energy technologies in the U.S. 

We believe this comprehensive legislation should include the fol- 
lowing features. A robust cap and trade 

Senator Boxer. Mr. Brehm. Are you almost done? 

Mr. Brehm. I am almost done. A Federal renewable energy 
standard, transmission policy, national retail net metering, and 
reasonable access to Federal lands. 

Thank you very much. 

[The prepared statement of Mr. Brehm follows:] 



62 


Testimony Of 
Mr. Peter Brehm 

Vice President of Business Development & Government Relations 
Infinia Corporation 

On Behalf Of The 

Solar Energy Industries Association 
At The 

Committee on Environment and Public Works 
U.S. Senate 

Hearing On 

S. 1733, Clean Energy Jobs and American Power Act 
October 28, 2009 

Chairman Boxer, Ranking Republican Inhofe and Members of the 
Committee, I am Peter Brehm, the Vice President of Business 
Development & Government Relations for the Infinia Corporation. 
We are headquartered in the State of Washington, and we have 
operations in California, Maryland, Michigan, Massachusetts and 
New Mexico, as well as Spain, India and Japan. I represent Infinia 
on the Board of Directors for the Solar Energy Industries 
Association. 

It is an honor to appear before you to testify on behalf of I nfin ia and 
the Solar Energy Industries Association. In the five minutes 111 be 
speaking to you today, enough sunlight will shine upon the United 
States to satisfy America’s energy demands for an entire month. 

SEIA is the national trade association for the solar energy industry, 
and represents over 1000 member companies at all points of the 
value chain - from manufacturers, to solar installers, to financiers 
and to project developers. Established in 1974, SEIA works to 
make solar energy a mainstream and significant energy source in 
the United States by expanding markets, strengthening the 
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industry and educating the public on the benefits of solar energy. 

Let me first tell you a bit about my firm. Infinia has developed and 
manufactures the Infinia Solar System, a unique, high-performance 
solar power system that uses a Stirling engine a.nd a parabolic 
mirror to convert sun light, which is free, into electric power, which 
is valuable. Our system is not a PV or solar panel-based system, 
but instead a unique U.S. -developed and manufactured 
Concentrating Solar Power system. Each of our Infinia Solar 
Systems produces 3 kW of grid-quality AC electricity. Our systems 
do not consume water - which is in short supply in the West ~ nor 
do they need flat or graded ground to operate. And through 
scalability we can size our projects to fit within existing 
transmission and distribution system constraints. 

The result: We can provide heat and power to individual customers 
or supplement generation for the grid without any contribution to 
greenhouse gas emissions. 

Notably we manufacture here in the United States and, at a time 
when the auto industry is facing historic difficulties, our technology 
is perfectly suited to being manufactured on converted automobile 
factory lines. In fact, virtually our entire supply chain are 
automobile industry suppliers, most of which are based in the 
hard-hit Midwest including Michigan, Ohio, Indiana and Iowa 

Our solar technology is only one of many that are being developed 
and in commercial use. 

Solar energy is the cleanest and most abundant renewable energy 
source available. And the U.S. has some of the richest solar 
resources in the world. Today's technology allows us to capture 
this power in several ways giving the public and commercial entities 
flexible ways to employ both the heat and light of the sun. 

The greatest challenge the U.S. solar industry faces is scaling up 
production and distribution of solar technolog}" in order to continue 
to drive down prices to be on par with or below the price of 
traditional fossil generation. 

President Obama has set out a goal of doubling the Nation’s 
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renewable energy production in the next three years. A majority of 
States have already adopted an ambitious Renewable Portfolio 
Standard. But this should only be the beginning. 

The outlook for solar is bright - pardon the pun - particularly if the 
Congress levels the field by enacting strong climate change 
legislation. 

Recently, the U.S. solar industry has demonstrated remarkable 
growth with the annual rate of solar distributed generation 
installations increasing by more than 80% in 2008. New utility- 
scale solar plants have been announced in States ranging from 
California to Texas, Florida, Pennsylvania, New York and more, and 
projects totaling more than 10,000 MW are currently operational or 
under development. 

Last year, solar energy produced 843 million kilowatt hours, as 
compared to less than a hundred in 1985. And for the first six 
months of 2009, solar produced 40 percent more electricity than in 
the same period in 2008. 

That is great, but it is not nearly enough. More can be done and 
more should be done if the United States is going to put a serious 
dent in emissions of greenhouse gasses. 

There is a very significant potential for growth of solar energy in the 
United States with the price signals and incentives that could be 
provided by this legislation. A study conducted by the Department 
of Energy for the Western Governors’ Association determined that 
the seven States in the Southwest have a combination of solar 
resources and available suitable land to generate up to 6,800 GW of 
electricity. This compares to today’s nameplate capacity for all 
electricity generation in the U.S. of 1,000 GW. If you add the solar 
potential from the other States, the resource available is 
functionally limitless. 

Infinia is a growing company that currently employs over 140 
people, and if a robust climate change bill is enacted our growth 
rate will double with commensurate increases in employment. This 
will be the case at solar companies across the country. Good, high- 
paying clean-energy jobs will be created here in the United States. 
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We believe this climate change legislation is a key step in a 
comprehensive energy policy. The proposed legislation will spur 
tremendous demand for all renewable energ\' technologies. 

For Infinia, I would note the importance of promoting U.S. 
development and manufacturing of renewable energy technology 
and products. We encourage the Committee to strengthen the 
proposed legislation to ensure that more of the demand for 
renewable energy technology and products will be supplied by U.S. 
man ufacturers . 

Solar energy will create thousands of jobs, install half a gigawatt of 
solar capacity and avoid more than 1 million tons of carbon 
emissions in 2009 alone. These numbers will more than double in 
2010. 

We commend the sponsors of S. 1733 - Senators Kerry, Boxer and 
Kirk - for recognizing that solar energy and other renewables can 
and must be an integral part of any solution to global climate 
change. 

With the right incentives, a fair regulatory environment and the 
right economic environment, there is no limit to how much solar 
energy can contribute to the solution. 

For the solar industry , a robust climate change bill will send a clear 
price signal on the cost of emitting carbon, which cuirently has no 
market price other than the cost to our global environment that will 
be paid by our children and grandchildren. This price signal will 
affect long-term generation planning and project financing, and 
mark a paradigm shift in the nation’s energy' future. 

In the more immediate term, solar and other renewables need to 
receive allowances in the early years of the program in order to 
scale up the industry and bring down costs so that we can more 
effectively satisfy the wedges of carbon-free energy. 

Those allowances can come from a federal deployment programs for 
distributed generation and utility-scale renewables and from 
allowances going to the States and localities for renewables. 
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.For Infinia, it is particularly important that some of those State 
allowances go toward technology development and manufacturing 
incentives for solar and other domestic renewable energy 
technologies. It would be a huge missed opportunity if we replaced 
oil imported from the Mideast with renewable energy technology 
from oversees. 

hr addition, we encourage the committee to consider the inclusion 
of Senator Sherrod Brown’s IMPACT (Investments for 
Manufacturing Progress and Clean Technology) bill or similar 
proposals into this climate change legislation to spur the 
development and manufacturing of renewable energy technology in 
the U.S. 

For the solar industry as a whole, it is crucial that allowances be 
dedicated for the deployment of all solar technologies, with direct 
allocations making their way to solar generators. This will act as a 
catalyst to the industry, directly spur deployment of renewables, 
and help protect the voluntary renewables markets. 

This climate legislation should also move in unison with the energy 
bill, to comprehensively address the energy needs of the nation. We 
believe that this comprehensive legislation should include the 
following key features: 

• A robust cap-and-trade program that provides real incentives 
for all renewable energy types, including solar. 

• A strong and diverse federal renewable energy standard. 

• Transmission policy reform. 

• Interconnection standards and a process that provides clear, 
simple and reasonable specifications for a homeowner, 
business or installer to connect to the local u tili ty’.^ 
distribution system. 

• National retail net metering standards that allow customers 
who generate more solar energy than they consume to sell the 
excess electricity back to their local utility. 
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• Reasonable access to Federal lands for solar projects and 
other renewable technologies on par with the access granted 
for other uses of the land, including fossil and mineral 
extraction. 

We recognize that not all of these matters are within the jurisdiction 
of the Committee on Environment and Public Works, however 
S.1733 is a crucial part of the whole. 

We strongly urge the Committee to move forward with this 
legislation, report it to the full Senate, incorporate provisions on the 
Senate floor from other committees of jurisdiction, such as the 
Finance Committee and the Energy' Committee - and get this 
legislation enacted NOW. 

In closing let me reiterate the kej' benefits of solar technology. 

> Solar energy is a reliable domestic source of energy and is 
much less vulnerable to supply disruptions from foreign 
actions, natural disasters or grid instability. 

> Solar technologies generate energy during peak hours of 
demand, when energy is in short suppty and most expensive. 

> Solar systems require high-tech manufacturing facilities and 
produce well paying, high-quality jobs. 

> Solar energy is the cleanest of all energy sources, producing 
electric and thermal energy with zero emissions and no waste 
products or other forms of pollution. 

> Solar energy technologies use a free, inexhaustible fuel source 
and therefore provide price stability for decades. 

With your leadership, we can have a brighter and cleaner tomorrow. 
The time to act is now. 

Thank you for allowing me to testify both on behalf of my company 
Infinia and the Solar Energy Industries Association. 


# # # 
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Response by Peter Brehm 
to Senator Klobuchar’s Question from the 
U.S. Senate Environment and Public Works Committee 
Hearing of October 28, 2009 


Question by Senator Amy Klobuchar 

In Minnesota, we have strong, consistent policies in place that have promoted the 
development of homegrown energy - from biofuels, to biomass, to wind, solar, 
geothermal and hydro power. The reason we've had this success is that businesses know 
there will be demand for their products in the future and can plan to develop new 
products. On a federal level, this consistency has been lacking. As Secretary Chu said in 
his testimony yesterday, "On-again, off-again incentives will not drive the level of clean 
energy investment we need." Can you comment on this bill's ability to provide the private 
sector market certainty for homegrown energy projects and technologies? 


Answer: 

The importance of this legislation cannot be overstated as it will be the foundation from 
which all the other related policies and programs (energy, tax, domestic manufacturing 
incentives, R&D incentives, etc.) will be built. As such, it is very important that this 
policy be long term, send clear price signals to the market and be flexible enough to 
promote and encourage complementary energy, tax, domestic manufacturing and R&D 
policies and programs (the cap and trade concept is inherently a flexible policy as it 
adapts to price signals and other externalities over time). The need for a visible and long 
term policy can also not be understated. The most notable example is what happened to 
the wind industry. The inconsistent U.S. wind policies, programs and incentives literally 
drove the manufacturing of wind turbines and the related supply chain overseas. The 
U.S. developed and perfected utility-scale wind power but now we are trailing the rest of 
the world (4’*' or 5'^ place) in wind turbine manufacturing. Not only have we already 
dropped to 4*’' or 5**' place, but the leading U.S. manufacturer is losing market share. 

Passage of the climate change legislation will help address these challenges. It will 
provide a very important and consistent signal to the marketplace that will effectively 
incent the use of renewable energy technologies like solar, wind, biomass and other clean 
energy technologies. The carbon price established by the cap and trade credit market will 
encourage utilities and individuals to invest in, and deploy, renewable energy 
technologies, since their relatively carbon-free characteristics will make them relatively 
more economic in the future. Moreover, by setting aside allowances from under the cap 
for renewable energy, the legislation creates an additional incentive that will further 
encourage deployment of these carbon-free technologies. Infinia is particularly interested 
in seeing some of the state allocation for renewable energy used for domestic 
manufacturing of renewables, which we believe will help create a stable environment for 
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job creation in the U.S. Solar power and other renewables represent an enormous 
opportunity over the next few decades to reduce greenhouse gas emissions and create 
/^erican jobs. As a result, many of us in the renewable energy industries are hopeful 
that Congress will enact cap and trade legislation in the foreseeable future. 
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Senator Boxer. Very good. Thank you very much. 

Dan Reicher, Director, Climate Change and Energy Initiatives at 
Google. 

Welcome. 

STATEMENT OF DAN W. REICHER, DIRECTOR, CLIMATE 
CHANGE AND ENERGY INITIATIVES, GOOGLE 

Mr. Reicher. Chairman Boxer and members of the committee, 
my key message today is that the critical need to address the cli- 
mate crisis provides us with an unprecedented opportunity to re- 
build our energy system with vast economic security and environ- 
mental benefits. 

By putting significant limits on carbon emissions and adopting 
strong, complementary energy policies, we can create millions of 
new jobs, reduce our dangerous dependence on foreign energy, and 
protect ourselves from a global climate crisis. 

Google published a scenario last year called Clean Energy 2030, 
which outlines one potential path to a clean energy future. In sum, 
the Clean Energy 2030 proposal reduces U.S. CO 2 emissions about 
50 percent below the baseline projection while creating 9 million 
new jobs and net savings of $800 billion. 

At the global level, the International Energy Agency estimates 
that between 2007 and 2030, the world will need to invest $26.3 
trillion in energy infrastructure to meet currently projected energy 
demand. As venture capitalist John Doerr has also said, this mas- 
sive global energy spending could make clean energy technology 
the biggest economic opportunity of the 21st century. 

The ability of the U.S. to seize this historic economic opportunity 
will be influenced to a large extent by actions taken by Govern- 
ment to put a significant price on carbon emissions. But a signifi- 
cant price on carbon, while absolutely necessary, is not sufficient 
to address the climate problem, and importantly, will not put the 
U.S. in position to seize the extraordinary opportunities that will 
come with rebuilding the global energy economy. 

My primary focus today is on four complementary energy policy 
mechanisms that will be essential to taking advantage of these op- 
portunities. 

First, we must significantly increase public funding of research 
and development of advanced energy technologies. In 1980, 10 per- 
cent of the total government R&D investment was in energy. 
Today, it is only 2 percent. The Federal stimulus package has cer- 
tainly provided a shot in the arm for clean energy projects, but 
there is a serious risk of falling off a funding cliff when these in- 
vestments run out. 

We were encouraged when President Obama called for investing 
$15 billion per year over the next decade in clean energy tech- 
nologies and took note when Secretary Chu said that energy R&D 
spending must move closer to the level in the high tech industry, 
which are generally around 10 percent of sales. 

A failure to invest. Madam Chairman, becomes glaringly appar- 
ent when we realize that barely a fifth of the top 30 manufacturers 
of wind turbines, solar panels and advanced batteries are Amer- 
ican. In contrast, all 5 of the world’s leading Internet technology 
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companies are from the U.S. And the Internet itself was the prod- 
uct of federally funded R&D work by DARPA in the 1970s. 

Second, we must increase the capital available to deploy these 
advanced technologies at commercial scale. Moving from a Nation 
that derives 70 percent of its power from fossil technologies to one 
based largely on clean energy will require literally trillions of dol- 
lars of investment. 

The challenge is that raising this kind of a capital, especially for 
innovative technologies, is not easy. The problematic step of mov- 
ing a technology from a small pilot project often funded by venture 
capital to full commercial-scale projects financed largely by the 
banks is frequently the point at which many promising energy 
technologies die. Indeed, we call it the Valley of Death. 

At Google, we are major supporters of pending bipartisan Senate 
legislation that would create a Federal Clean Energy Deployment 
Administration to provide various types of credit support to drive 
private investment in Valley of Death projects. CEDA would be an 
independent administration within DOE with a Senate-confirmed 
administrator and board of directors. 

Third, we must build a bigger and smarter electric grid to har- 
ness energy efficiency and renewable energy. A smarter grid will 
let us see our energy use, measure it, price it, and manage it to 
get the most out of every watt. And a bigger grid will allow us to 
tap our Nation’s vast clean energy resources and deliver them 
where we need them. 

At Google, we are working to advance the smart grid on several 
fronts. Among these, our engineers have developed a simple secure 
and free software tool called Google Power Meter that gives con- 
sumers an easy means to see their home electricity on their com- 
puter or smart phone. 

Fourth and finally, we must set national standard to accelerate 
the uptake of clean air and more efficient technologies. Google sup- 
ports the adoption of both a strong national energy renewable 
standard and a strong national energy efficiency resource standard. 
State renewable energy and energy efficiency standards have 
sparked new industries and created thousands of jobs. 

Before I wrap up, let me mention two examples of where a price 
on carbon and complementary energy policies can be catalytic. One 
is solar thermal power, where early on DOE-funded demonstration 
projects proved the technology and where today State renewable 
standards are driving demand and Government-backed finance is 
helping plants get built. 

Looking ahead, an advanced geothermal energy technology called 
EGS presents another opportunity where a strong energy policy 
and a price on carbon could drive a new industry that could 
produce cheap, renewable power 24 hours a day year round and na- 
tionwide. 

In conclusion, let me stress that we need both a significant price 
on carbon and complementary energy policies. A significant price 
will definitely send a signal about the need to reduce carbon emis- 
sions, but it will not by itself ensure that the technologies that can 
address the problem are invented and deployed here in the U.S. 
with massive resulting economic and security benefits. 
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And while smart energy policies can strongly advance solutions 
to the climate crisis, they will not ensure that these solutions can 
compete straight up with fossil fuels without a significant carbon 
price. 

Thank you. 

[The prepared statement of Mr. Reicher follows:] 
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Introduction 

Chairman Boxer and members of the committee, my name is Dan Reicher and 1 am pleased to 
share my perspective on legislation to address climate change and build a clean energy future. I 
serve as Director of Climate Change and Energy Initiatives at Google, At Google we have been 
working to low'er the cost and increase the deployment of renewable energy through our 
Renewable Electricity Cheaper than Coal (RE<C) Initiative and also to accelerate the 
deployment of plug-in vehicles through our RechargelT Initiative, We have also developed a 
product called Google PowerMeter which facilitates monitoring of home energy use. We pursue 
these, varioirs initiatives through engineering, investment, and policy and also apply the broad 
range of Google’s information tools including Google Earth, Google Maps and 
YouTube. Google engineers have a!,so been working for nearly a decade to optimize the 
efficiency of our data centers. And w'e are focused on increasing the sustainability of our offices 
in both the U.S, and other countries as well as using on-site renewable energy. 

Prior to my position with Google, I was President and Co-Founder of New Energy Capital, a 
private equity firm funded by the California State Teachers Retirement System and Vantage 
Point Venture Partners to invest in clean energy projects. Prior to this position, 1 was Executive 
Vice Prc.sident of Northern Power Systems, one of the nation’s oldest renewable energy 
companies. Prior to my roles in the private sector, I served in the Clinton Administration as 
Assistant Secretary of Energy for Energy Efficiency and Renewable Energy, the Acting 
Assistant Secretary of Energy for Policy, and Department of Energy Chief of Staff and Deputy 
Chief of Staff. 

I also am a member of the National Academy of Sciences Board on Energy and Environmental 
Systems. I testified earlier this year in the Senate Energy Committee on a key provision of the 
Committee's pending American Clean Energy Leadership Act (ACELA) and in the House 
Energy and Commerce Committee on the American Clean Energy and Security Act (ACES), 
Recently 1 served on Pre,sideiit Obama’s transition team where I tocused on the development of 
the stimuhi.s package for clean energy. 

1 want to thank Chairman Boxer for her outstanding leadership on the climate issue and the 
impressive piece of legislation that we are focused on at this hearing; S. 1733, Ihe Clean Energy 
Jobs and American Power Act. 

An Unprecedented Opportunity 

My key message today is that the critical need to address the climate crisis provides us with an 
unprecedented opportunity to rebuild our energy system with vast economic, security and 
environmental benefits. By putting serious limits on carbon emissions - and adopting strong 
complementary energy policies - we can help advance several critical priorities: 


• Create miilion.s of new dome.stic jobs in 21'’* century industries 
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• Reduce our dangerous dependence on foreign energy supplies 

• Protect us from a global climate crisis 

Aggressive federal policy can drive private sector investment - measured in the trillions of 
dollars - that will be required to move the nation and the globe toward a more sustainable energy 
future. We have a real opportunity to transform our economy from one running primarily on 
fossil fuels to one based largely on clean energy. Technologies and know-how to accomplish this 
are either available today or are under development. We can build whole new industries and 
create millions of new jobs. We can cut energy costs, both at home and at the gas pump. We can 
improve our national security. And we can confront climate change. With serious and timely 
limits on climate emissions - and complementary energy policies — we can offset the significant 
costs of rebuilding our energy infrastructure with real economic gains and job creation. 

Google published a scenario in the fall of 2008 called Clean Energy 2030, which outlines 
one potential path to weaning the U.S. off of coal for electricity generation and cutting oil use for 
cars by more than 40%. Altogether the Clean Energy 2030 proposal reduces US C02 emissions 
about 50% below the baseline projection, while creating 9 million jobs and doing so with net 
savings of $800 billion. Importantly, under the Clean Energy 2030 Plan, investment in energy- 
efficient technology would keep electrical demand flat at the current level rather than allowing it 
to grow 25% as currently projected. 

Having kept demand flat with efficiency, Clean Energy 2030 proposes gradually replacing coal 
and oil for electricity generation with wind, solar, geothermal, biomass, and hydropower. By 
2030, about 68% of generation would come from th6.se sources, with continuing use of 
nuclear power and natural ga.s. In the personal vehicles .sector, by increasing fuel efficiency in 
conventional cars to 45 mpg, and mas.sive deployment of plug-in electric vehicles, we would 
reduce fuel consumption 44% relative to the baseline, and dramatically cut oil imports. Together, 
these changes would reduce C02 emissions in 2030 enough to move the nation about halfway to 
the 83% by 2050 greenhouse gas reduction goal in the bill we are reviewing today. Such a 
massive build-out of electric generation capacity, efficiency improvements, and plug-in vehicles 
would cost $3.9 trillion, but save $4.7 trillion from avoided fos.sil generation capacity, and lower 
electricity and fuel costs. 

A study in this month’s Scientific American by Mark Jacobson at Stanford and Mark Delucchi at 
the University of California Davis moves a step beyond the Google scenario. Professors 
Jacobson and Delucchi chart a path to a world in 2030 powered 100% by renewable energy, 
concluding that such a system would not only be technically but also economically feasible. 

Considering global energy use, the International Energy Agency estimates that between 2007 
and 2030, the world will need to invest $26.3 trillion in energy supply infrastructure across the 
economy to meet currently projected demand. As the venture capitalist John Doerr has said, 
global energy spending "is the mother of all markets," and one that could make clean technology 
"the biggest economic opportunity of the 21st century." 

Chairman Boxer, the ability of the US to seize this historic economic opportunity will be 
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influenced, to a large extent, by decisions made by Congress and the Administration. There is an 
array of actions available to secure these kinds of benefits. Foremost among them is to put a 
significant price on cai'bon emissions and do so quickly in order to internalize the costs of 
climate change and move energy investments toward more efficient and lower carbon 
technologies. 

But let me emphasize that putting a price on carbon, while absolutely necessary, is not sufficient 
to address the climate problem and, importantly, will not put the US in the position to seize the 
extraordinary opportunities that will come with rebuilding the global energy economy. My 
primary focus today is on the complementary energy policy mechanisms that are critical to 
securing dramatic reductions in greenhouse gas emissions and the broad range of accompanying 
economic, security and environmental benefits. Some of them have been addressed by the Senate 
Energy and Natural Resources Committee in the American Clean Energy Leadership Act 
(ACELA) and by the House of Representatives in the American Clean Energy and Security 
(ACES) Act. In this testimony 1 review four of the most important mechanisms. In brief: 

• We must significantly increase public funding of research and development of 
advanced energy technologies 

» We must increase the capital available to deploy these advanced technologies at 
commercial scale 

• We must build a smarter and bigger electric grid to better harness energy efficiency 
and renewable energy 

• We must set national .standards to accelerate the uptake of cleaner and more 
efficient technologies 

1 conclude the statement with two examples - involving solar thermal and advanced geothermal 
energy -- of how these policy niechanism.s, working together, can help accelerate the .shift to 
clean energy. Before 1 review lhe.se important policy mechanism, s let me make three important 
points. 

First, at Google we believe that ultimate succe,ss in solving the climate problem will largely be 
measured by our ability to move innovations in clean energy technology along the pathway irom 
early research to development and demonstration to cost competitive commercial deployment. 
We feel strongly that each step along the way needs significant policy support - both push and 
pull mechanisms — from increased R&D funding and project finance to a bettei electiic giid and 
aggressive clean energy standards. And all of this must be built on a critical foundation — a 
senoirs price on carbon emis.sion.s. 

Second, let me stress drat we need both a serious price on carbon and complementary energy 
policies. A serious price will definitely send a signal about the need to reduce carbon emission.s 
but it won't, by itself, ensure that the technologies that can address the problem are invented and 
deployed here in the US - with massive resulting economic and security benefits. And while 
smart "energy policies can strongly advance solutions to the climate crisis, they will not ensure 
that these solutions can compete straight up with fossil fuels - without a serious price on carbon. 
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Third, it should go without saying but success in confronting climate change will require a global 
commitment to cutting emissions, involving nations across the planet. The US must take a major 
step itself but reductions at the level required to address the problem will require a concerted 
effort among many countries, driven by strong international agreements. 


Expanding Clean Energy R&D 

To successfully confront the climate crisis - and secure the associated economic and security 
benefits ~ we must nurture the seed corn that leads to further technological breakthroughs in 
clean energy. From energy efficiency and renewable energy to advanced nuclear and fossil 
technologies, W'e need to greatly accelerate US energy R&D efforts. Unfortunately, no matter 
how you measure it, U.S. government investment in clean energy R&D is woefully inadequate. 
Today federal energy R&D expenditures are just one-fifth of their 1980 peak as a percentage of 
GDP. In contrast, Japan has kept a steady investment in energy research and actually outspent 
the US as of 2004. And China is rapidly increasing energy R&D spending as well. 

Our failure to invest becomes glaringly apparent when we realize that of the top five 
manufacturers of wind turbines only one is American and further that the US is home to only one 
of the 1 0 biggest solar panel producers in the world and only two of the top 1 0 advanced battery 
manufacturers. In contrast, all five of the world's leading Internet technology companies - 
Amazon, eBay, Google, Microsoft and 'Tahoo - are American. The Internet itself, wa.s the 
product of federally funded R&D work by the DARPA in the 1970’s. In 2007, electronic 
commerce made possible by the Internet, contributed over $3.3 trillion to the U.S. economy. 

Since 1980 U.S. federal investment in energy R&D has dropped by 58 percent. At that time, 10 
percent of the total government R&D investment was in energy. Today, the percentage has 
shrunk to only two percent. The federal stimulus package has certainly provided a much needed 
shot in the arm for US clean energy programs and projects but there is a clear risk of falling off a 
“funding cliff’ when these investnient.s run out and we return to the normal appropriations 
process. 

We were encouraged when President Obama, in hi.s February budget address, called for inve.sting 
,$ 1 5 billion per year over the next decade to develop clean energy technologies. And this Spring, 
in a speech at MIT, Energy Secretary Chu said that to address the climate crisis energy R&D 
spending must move closer to the levels of the high-tech industry, which are generally around 10 
percent of company sales. Some experts go even further. Professors Dan Kamrnen and Gregory 
Nemet at the University of California Berkeley, propose that annual energy R&D levels up to 
and exceeding ,$30 billion will be necessary to address the climate challenge, a view shared by 
the Brookings Institution. 


There is a view that somehow the private sector will fill the serious gap that exists today in 
energy R&D. First, energy companies large and small are cutting not expanding their research 
budget. Second, university research budgets have been hit hard in the recent recession. And third, 
while venture capital investment has helped address the R&D shortfall, by its nature this kind of 
funding is more at the applied end of R&D where a commercial "exit" has serious promise. The 
high risk early stage research fundctl by government that has brought us major breakthroughs in 
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biotech, information technology, and energy is generally not the province of venture investment. 

The CEJAPA has only a brief energy research subtitle with no specific authorization and there 
tu:e scattered additional R&D programs such as one to address the reliability, aging, security and 
other aspects of nuclear power. The Senate Energy Committee's American Clean Energy 
Leadership Act would double the authorization level of the Department of Energy’s energy R&D 
program from $3.28 billion in fiscal year 2009 to $6.56 billion in fiscal year 2013. This is a start 
but a long way from the President's plan. The House of Representatives in the ACES bill has also 
not stepped up fully. 

As a result of this serious energy R&D funding gap, 34 Nobel laureates recently wrote to 
President Obama asking him to press Congress to adopt legislation that would fund clean energy 
R&D at an amount approaching the level he proposed in February, The Nobel laureates stressed 
that funding at this level “is essential to pay for the research and development needed if the U.S., 
as well as the developing world, are to achieve their goals in reducing greenhouse gases at an 
affordable cost." And they went on to emphasize that “stable R&D spending is not a luxury, it is 
in fact necessary because rapid scientific and technical progress is crucial to achieving these 
goals, and to making the cost affordable,” 

Chairman Boxer, it is essential that Congress address this serious energy R&D short-fall by 
incorporating President Obama ’s goal of $15 billion per year in federal energy R&D spending 
in final climate, legislation. 


Increasing Acces.s to Capital for Clean Energy Deployment 

Beyond support for R&D, federal climate and energy legislation must directly address a critical 
issue in advancing our clean energy economy: increasing access to capital to deploy clean energy 
projects essential to meet our climate goals. Moving from a nation that derives 70% of its power 
from fossil technologies to one where low carbon technologies provide the lion’s share of 
electricity will require literally trillions of dollars of investment in generating plant.s and 
transmission infrastructure. Renewable energy projects often need more construction capital 
upfront than traditional energy project.s but less operating capital down the road because fuel is 
free. The challenge is that in bad times - as well as good - raising thi.s kind of capital, especially 
for innovative technologies is not easy. 

From an economic competitivenes.s perspective we should also address this issue, (n a number of 
cases clean energy technologies invented in the U.S. have failed dome.sticaUy but succeed in 
foreign markets with more supportive commercialization policies. Our nation often finds itself in 
the peculiar position of purdiasing technologies such as wind turbines, .solar panels, and solar 
thermal plants originally invented in the United States from foreign companies who have 
advanced past their U.S. competitors. 

,1' (loiigle irc'vc been major supporters of pending Senate legislation that would create a federal 
Cieai: I /icrg' Dt’plovment Administration - or CEDA - to spur private investment in innovative. 

, kaa I Iti ix\ projects. The primary CEDA mission, as proposed by Senators Bingamaii and 
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Murkowski - and contained in the Senate Energy Committee's American Clean Energy 
Leadership Act (ACELA) — would be to encourage deployment of clean energy technologies 
that are perceived as too risky by commercial lenders but with high potential to address our 
environmental, economic and security challenges. 

The problematic moment of moving a technology from a small pilot project to a full commercial- 
scale plant is often the point at which many promising energy technologies falter - and a 
significant number die. In the clean energy technology industry we call it the “Valley of Death”. 
Valley of Death projects sit precariously between the venture capital and project finance worlds. 
They are generally too big in terms of required capital and too small in terms of returns for the 
venture capital community. And they are often too risky for the project finance players, 
especially for the banks that typically provide the great majority of a project investment. 

CEDA would use a portfolio investment approach in order to mitigate risk and also work to 
become self-sustaining over the long term by balancing riskier investments with revenues from 
other services and less risky investments. CEDA would provide various types of credit to support 
deployment of clean energy technologies including loans, loan guarantees and other credit 
enhancements as well as secondary market support to develop products such as clean energy- 
backed bonds that would allow less expensive lending in the private sector. CEDA would also 
assume responsibility for DOE’s current loan guarantee program. CEDA would be an 
independent administration within DOE, like the Federal Energy Regulatory Commission. It 
would be governed by a Board of Directors and an Administrator, all of whom would be 
appointed with the advice, and consent of the Senate. CEDA will also have a permanent 
Technology Advisory Council to advise new technologies. 

Chairman Boxer, it is essential that Congress establish a public mechanism like the Clean 
Energy Deployment Administration to spur private investment in higher risk innovative clean 
energy projects. 


Building a Smarter and Bigger Fdectric Grid 

A smarter and bigger electric grid is also critical to advancing - and seizing the benefits of- a 
clean energy economy. A smarter grid will let us "sec our energy use, measure it, price it and 
manage it in a way that lets us cut waste and get the most out of every watt." (Smart Grid 
Briefing Document, Foundation Capital). And a bigger grid will allow us to tap our nation's vast 
clean energy resources - wind in the midvvest, solar in the southwest, geothermal in the west and 
gulf coast, biomass in the southeast - and deliver them where needed. 

The compelling aspect of the smart grid is that like the internet it will enable multiple 
applications - real time energy measurement, energy efficiency management, grid support 
capabilities - to operate over a shared interoperable network. Like the Internet, the smart grid is 
a core technology that can help revitalize our economy. And as with the Internet the government 
has an es.sential role in setting the policy framework and providing the incentives that will 
encourage a smart grid. 
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.4/ Google we are working to advance the smart grid on several fronts: 

First, over the last year, our engineers have developed a simple and secure softwtire tool called 
Google PowerMeter. This free software product gives consumers an easy means to draw data 
regarding their home electricity use - from a smart utility meter or other simple device - and see 
it on their computer, smart phone or an in-home display. With it comes the opportunity for 
significant reductions in home energy use, an important element of cost-effective implementation 
of climate legislation. 


Second, we have developed a fleet of plug-in hybrid-electric vehicles that have provided 
significant public data on fuel efficiency under driving conditions that simulate common US 
driving patterns. We have also worked on “smart charging” of plug-in vehicles, with a particular 
focus on how large numbers of plug-in cars can be effectively integrated into the electric grid in 
a way that actually stabilizes the grid and enables a greater share of renewable generation. 

Third, vve are exploring how we might accelerate the integration of smart appliances and other 
equipment to cut energy use and reduce peak load. 

Overall, we believe: 

• We need to develop the smart grid in a way that spurs innovation, drives 
competition, and supplies maximum information to consumers. 

• We must develop and deploy smart grid technology in a manner that empowers 
consumers with greater information, tools and choices about how they use 
electricity, including access to real-time energy information. 

• And energy information should be made available based on open non-proprietary 
standards to spur the development of products an<l services to help consumers save 
energy and money. 


The 2007 Energy Independence and Security Act (EISA) took a number of steps to advance the 
development of a smarter US grid. The House ACES bill lakes this further with measures, for 
example, to develop home appliances with the capability to interact with the grid, and, through 
FERC, to reform regional planning to modernize the electric grid. The CEJAPA includes some 
helpful additional provisions including Section 201 that would establish a Clean Vehicle 
Technology Fund to back the deployment of plug-in vehicles and the electrical infrastructure to 
support them, and Sections 202-204 that w'ould provide emissions allowances to states, local 
governments, tribes and others to support smart grid development. 

Beyond building a smarter grid we also need to build a bigger grid. The lack of transmission 
capacity to move electricity from where it is generated to where it is used is a major constraint on 
the accelerated deployntciU ol' clean energy technologies to meet our climate, economic and 
security goals. The nation 's transmission grid is in serious need of modernization to enable 
massive dcployinenl of renewable electricity and other advanced technologies. Significant new 
transmission capacity must be built if we are going to tap, for example, the vast wind resources 
of the midwest and the solar resources of the southwest. At the same time, we must ensure that 
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all potentially cost-effective alternatives to new transmission lines are fully addressed in public 
planning processes, and that siting decisions take full account of environmental values and 
constraints. 

The CEJAPA includes improvement in transmission capacity among the uses of emissions 
allowances for states, local governments, tribes and others under sections 202-204. In the 
American Clean Energy Leadership Act, the Senate Energy Committee included some important 
provisions designed to improve regional or interconnection-wide transmission planning for high- 
priority national transmission projects, including the high-voltage lines necessary to connect 
renewable energy resources to demand centers. 

The National Commission on Energy Policy, a biparti,san group of energy experts, has recently 
proposed a number of measures to strengthen the existing transmission-related provisions in the 
Senate Energy Committee bill. We would highlight two areas in particular. First, FERC 
“backstop authority” can advance the siting of critical transmission infrastructure that has been 
stalemated by local or state disputes, undermining the broader national interest. Second, we need 
clear and consistent methods to allocate costs of new high-priority national transmission projects 
across the broad regions that enjoy the benefits of access to domestic, low-carbon resources. 

Chairman Boxer, it is essential that Congress drive the development of a bigger and smarter 
electric grid. 


Setting National Standards for Clean Energy 

A final energy policy mechanism that could drive massive clean energy deployment involves 
national renewable energy and energy efficiency standards. Google strongly supports the 
adoption of a strong national renewable energy standard (RES), following the lead of 28 states 
that have already set such requirements. Google also strongly supports the adoption of a strong 
Energy Efficiency Resource Standard (EERS) which could be a compelling complement to an 
RES by significantly cutting electricity demand and thereby lowering the investment needed for 
broad-scale deployment of renewables. 

An RES is an important tool for accelerating renewable energy technology development, 
lowering energy costs for consumers, reducing harmful carbon emissions, and improving energy 
security. Portfolio requirements like the RES provide clear market signals for policy makers, 
utilities, investons, researchers and entrepreneurs. Existing state requirements have definitely 
promoted renewables, but a national standard - designed and implemented well - could do much 
more to increase renewables deployment and at lower cost. 

An EERS is also an important too! for advancing our clean energy objectives. Under an EERS 
suppliers would be required to obtain energy savings from customer facilities and distributed 
generation installations in amounts equal to designated percentages for base year energy sales for 
electricity and natural gas. Eligible energy savings measures include efficiency improvements to 
new or existing customer facilities, combined heat and power systems, and recycled energy from 
a variety of defined commercial and industrial energy applications. The EERS builds on policies 
now in place in a number of states including California, Texa.s, Pennsylvania, Colorado, 
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Connecticut, Nevada, Vermont, and Hawaii. 

The EERS and RES are compelling complements. An EERS moderate.s demand growth so that 
RES targets can actually reduce fossil fuel consumption. In the Google Clean Energy 2030 Plan, 
energy efficiency deployment reduces projected electricity demand 33%, This is equivalent to 
about 175,000 megawatts of coal generation. By moderating demand growth through an EERS 
and accelerating clean generation through an RES, vve can slow and begin to decrease carbon 
emissions in the utility sector, while we work to implement a comprehensive cap-and-trade 
.system. 

State RES and EERS policies have sparked entire new industries and created thousands of jobs. 
National standards could produce much more. But we should avoid setting standards so weak 
that they simply replicate business as usual. We need RES and EERS provisions that stimulate 
significant new development of clean energy projects involving a broad array of technologies 
and putting us on an accelerated path to significant carbon reductions. 

The Senate Energy Committee's American Clean Energy Leadership Act e.stablishes a combined 
renewable energy and energy efficiency target of 15% by 2020. The Union of Concerned 
Scientists estimates that existing state Renewable Portfolio Standards will result in at iea.st 11% 
renewables by 2020 and the American Council for an Energy-Efficient Economy has estimated 
that existing slate energy-efficiency requirements and efforts will achieve 5% energy efficiency 
savings by 2020. Thus, current efforts for renewables and efficiency exceed the Senate targets 
and these targets could very well have no effect. The House climate bill is a little better, with a 
combined renewable and efficiency 2020 target of 20% of electricity sales. We recommend that 
the final Senate climate bill raise the efficiency and renewable energy targets substantially above 
the current 15% level in the current Senate Energy Committee bill. 

Beyond an RES and EERS, the CEJ.APA has the potential to greatly incentivize efficiency and 
renewables through the allowance process. We believe that suhskmtial emissions allowances 
should be provided for energy efficiency and renewable energy investments, as these inveslrnents 
save or produce energy for many years. Tlie Waxman-Markey bill make.s a good .start by 
providing about I09o of allowances to stales for energy efficiency and renewable energy 
programs, and by requiring that natural gas utilities spend one-third of their free allowances on 
energy efficiency. These, provisions should be contioued in the Senate bill and a similar 
provision should be added requiring electric utilities to spend one-third of their free allowances 
on energy efficiency. 

Chairman Boxer, it is essential that Congress adopt a national RES and bERS, and ensure a 
significant allocation of climate emission allowances to incentivize efficiency and renewables. 


Putting It .All Together 

A serious price on carbon along with strong complementary national energy policies - increased 
federal support for clean energy R&D and finance, a bigger and smarter electric grid, and an 
array of national clean energy standards - could accelerate dramatically the development and 
deployment of dean energy technologies on a massive scale. This would be a real boon to a 
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range of clean energy opportunities ~ from efficiency and renewables to fossil and nuclear. 

There are some solid examples of how this works. One is solai' thermal, the technology that uses 
mirrors to concentrate the sun's heat to make steam and produce electricity at utility scale. To a 
large extent it was DOE-funded RD&D that proved the solar thermal concept in a set of early 
demonstration projects. More recently government-backed finance is helping utility-scale US 
plants get built. Demand for the projects is being driven by state renewable energy standards. 
And without an expanding network of transmission lines, moving the vast solar- resource from 
deserts to cities would not be possible. 

Looking ahead, an advanced geothermal energy technology called Enhanced Geothermal 
Systems (EGS) presents another opportunity where strong energy policy - and a price on carbon 
- could drive a high potential new industry. EGS has the potential to produce cheap, renewable, 
baseload generation 24 hours a day, year-round and nationwide, directly replacing coal capacity 
on the grid. With EGS, geothermal reservoirs can be "manufactured" to very large scale. While 
naturally existing geothermal reservoirs are relatively limited and concentrated in the Western 
U.S., high temperature rock capable of supporting power production with EGS is massive and 
nationwide. 

A 2007 M.I.T. study found EGS to be a highly promising technology, concluding that just 2 % of 
the heat below the continental U.S. between 3 and 10 kilometers depth is equivalent to over 
2,500 times total U.S. annual energy use. At Google we have taken several steps to help advance 
EGS including making Google Earth maps of state EGS resources, supporting EGS-related 
technologies, helping to advance federal policy, and raising public awarene,ss of the technology. 
EGS could benefit greatly from the spectrum of policies we've addressed in this testimony - 
increased R&D funding and clean energy finance to advance the technology; a more robust grid 
to get the electricity to market; and a national renewable energy standard to .stimulate demand - 
and all of this put in place in with a serious and timely price on ctu-bon emissions. 

These are just two examples where a price on carbon nnd complementary energy policies could 
catalyze transformative energy technologies. There are mtiny other technologies like them today 
and, excitingly, many more to be developed! 


Conclusion 

Chairman Boxer, we are convinced that climate change - an unprecedented crisis of global 
dimensions - can also provide an economic opportunity of vast proportions. The decisions made 
in Washington, D.C. on the policy front will greatly determine how much of this opportunity is 
brought home for the benefit of the citizens of our nation. At Google we stand ready to help 
develop and advance the energy policies that could allow our nation to seize this opportunity. 
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October 30, 2009 


From: Dan Reicher, Director, Climate Change and Energy Initiatives, Google 

To: Senate Committee on Environment and Public Works 

Re: Answers to Questions by Senators Klobuchar, Inhofe and Alexander 

Questions from: 

Senator Amy Klobuchar 

1. In Minnesota, we have strong, consistent policies in place that have promoted the 
development of homegrown energy -- from biofuels, to biomass, to wind, solar, 
geothermal and hydro power. The reason we've had this success is that businesses 
know there will be demand for their products in the future and can plan to develop new 
products. On a federal level, this consistency has been lacking. As Secretary Chu said 
in his testimony today, ”On-again, off-again incentives will not drive the level of clean 
energy investment we need." Can you comment on this bill's ability to provide the 
private sector market certainty for homegrown energy projects and technologies? 

Answer: The bill will create certainty concerning finally putting a price on carbon, which 
will create a strong incentive for private sector markets. Putting a serious price on 
carbon along with strong complementary national energy policies - increased federal 
support for clean energy R&D and finance, a bigger and smarter electric grid, and an 
array of national clean energy standards - could accelerate dramatically the 
development and deployment of clean energy technologies on a massive scale. This 
would be a real boon to a range of clean energy opportunities - from efficiency and 
renewables to fossil and nuclear. 


2. Mr. Reicher, the biggest economic engine of recent decades has been the 
widespread adoption of the internet, which has increased productivity and revolutionized 
the way we interact. Yet this incredible innovation was developed by government 
funded programs at the Department of Defense and the National Science Foundation, 
Can the development of a clean energy economy come purely from the efforts of the 
private sector? How can the government and private sector best cooperate to promote 
development of new technologies? 

Answer: Although the private sector will make most of the investments needed to 
transition us to a new energy economy, the government has an important role to play -- 
particularly with regard to research and development. There is a serious gap in energy 
R&D that calls for government involvement. First, energy companies large and small are 
cutting not expanding their research budget. Second, university research budgets have 
been hit hard in the recent recession. And third while venture capital investment has 
helped address the R&D shortfall, by its nature this kind of funding is more at the 
applied end of R&D where a commercial "exit" has serious promise. The high risk early 
stage research funded by government that has brought us major breakthroughs in 
biotech, information technology, and energy is generally not the province of venture 
investment. 


1 
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October 30, 2009 


Senator James M. Inhofe 

1. Does Google support rapid expansion of nuclear, including opening the Yucca 
Mountain waste facility? Does Google support drilling off the coast of CA. including near 
Santa Barbara? 

Answer: Google does not have a position on these issues. 


2 
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October 30, 2009 


Senator Lamar Alexander 

The Wall Street Journal reported on July 3, 2009 that California's economy will face 
"high risk" by 2011 due to power shortages caused by the state's renewable mandate. 
California estimates that raising its renewable electricity standard from 20% to 33% 
could cost more than $1 14 billion - that is more than $3,000 for each Californian. Given 
the electricity costs in California and reliability questions raised, is that a possible 
reason why Google expands its server farms outside of the state of California? 

Answer: There are multiple factors that go into Google's decisions about data center 
location. The cost and reliability of electricity are important considerations, but not the 
only factors. Like other businesses, Google is keenly interested in cost-effective, reliable 
and safe energy supply options - it is for this reason that we have invested in new 
energy technologies and support policies that will accelerate the development of better 
options for the future. 


3 
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Senator Boxer. Thank you very much. 

Mr. Foster. 

STATEMENT OF DAVID FOSTER, EXECUTIVE DIRECTOR, 
BLUEGREEN ALLIANCE 

Mr. Foster. Good morning, Madam Chair, members of the com- 
mittee, and thank you. Senator Klohuchar, for that kind introduc- 
tion. 

My name is David Foster. I serve as the Executive Director of 
the BlueGreen Alliance, a national partnership of six major labor 
unions and two national environmental organizations. We bring to- 
gether 8 million members from the steelworkers, the largest manu- 
facturing union in North America, communication workers, labor- 
ers, service employees, utility workers and teachers with the Sierra 
Club and Natural Resources Defense Council. We touch virtually 
every corner of the country in our pursuit of good jobs, a clean en- 
vironment and a green economy. 

I am especially pleased to be given the opportunity to testify be- 
fore the Environment and Public Works Committee on this critical 
issue, and we look forward to working with you throughout the 
process to pass clean, comprehensive climate change legislation 
that creates and retains millions of family sustaining green jobs 
and finances the transition to a clean energy economy. 

To maximize its economic success, this package must be com- 
prehensive. It must deal with every piece of the puzzle, capping 
carbon emissions, providing incentives for job creation, investing in 
clean energy, preventing carbon leakage, and setting mandates for 
energy efficiency and renewable energy production. 

Some say that it would be easier to pass one piece of the puzzle 
and then try to move on to the next. But doing so underestimates 
the complexity of the problem, sends contradictory messages to our 
energy markets, and most importantly, fails to solve the underlying 
climate crisis. 

Capping carbon emissions will create the necessary incentives for 
America to develop its clean energy economy. Without the certainty 
of true emissions reduction, we can achieve neither our environ- 
mental goals nor our job creation goals. 

We also need to include a strong national renewable electricity 
standard and energy efficiency resource standard such as those in- 
troduced by the Senators Udall of Colorado and New Mexico. 

The transition to a clean energy economy is the most important 
opportunity for strengthening and expanding American manufac- 
turing in my lifetime. As evidenced by Gamesa in Pennsylvania, 
the ClipperWind facility in Cedar Rapids, Iowa, ATI Casting in 
LaPorte, Indiana, the Pauwels Transformers facility in Wash- 
ington, Missouri, and many, many more, our workers can produce 
the steel, glass, precision parts and cement needed by our clean en- 
ergy industries, but only if we provide them with the proper invest- 
ment and protections. 

We can do this by including a robust manufacturing title in the 
bill which would ensure that strengthening and revitalizing Amer- 
ica’s manufacturing base is a priority. There is no reason why 
America and its workers should not lead the world in green manu- 
facturing. 
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A critical component is providing adequate allocations to ener^ 
intensive and trade exposed industries. While the Kerry-Boxer bill 
addresses this issue, it does not provide sufficient allowances to en- 
sure that energy intensive industries are not put at a competitive 
disadvantage. This is a vital provision for preventing the leakage 
of jobs and carbon pollution, and I appreciate that the Chair and 
committee have agreed to work with us to ensure that these indus- 
tries are kept whole. 

In addition, the legislation should include a longer-term border 
adjustment provision to limit carbon leakage, ensure the fair treat- 
ment of American workers, and provide an incentive to other coun- 
tries to negotiate industry sectoral agreements as those allocations 
phaseout. We were supportive of the House ACES bill and hope 
that this model can be included in Senate legislation. 

I cannot emphasize enough to the committee how critical both 
the rebates and border measure are to the success of the climate 
bill. As part of the manufacturing title, climate and energy legisla- 
tion should also provide incentives to help our manufacturing base 
convert to the clean energy economy. We appreciate the inclusion 
in funding of clean vehicle manufacturing provisions and hope that 
Senator Brown’s IMPACT Act will also be included and funded. 

Programs like the Retrofit for Energy and Environmental Per- 
formance and investments in improved building codes will finally 
put forth a dedicated effort to make buildings and homes more en- 
ergy efficient. We also believe that national minimum standards 
are an essential part of any program receiving support from the 
Federal Government to spur residential energy efficiency. The 
State and Local Investment in Energy Efficiency and Renewable 
Energy, included in the bill, will provide the dedicated investment 
to support deployment of critical technologies and practices. 

Our work force must have all the necessary tools and knowledge 
to successfully work in green jobs. We can do this by offering train- 
ing for all who want the opportunity. We believe that the Green 
Jobs Act of 2007 gives us the best framework, and we thank you 
for providing allowances to fund this provision. 

Along with training, we must open doors to certain communities 
that are too often left out. The Green Construction Careers Dem- 
onstration Project provides an outlet that will promote quality em- 
ployment practices that are accessible to low income communities 
and workers. 

I want to close by telling the story of the R.E. Burger power 
plant in Shadyside, Ohio. A coal-fired power plant originally built 
in the 1940s, Burger needed to be fitted with new pollution control 
equipment. That equipment proved to be too costly, and the owners 
were preparing to close the plant and lay off hundreds of workers 
in an already economically depressed area. 

Thankfully, with the help of Utility Workers Local 350, 
FirstEnergy decided to retrofit the plant and convert to biomass. 
This proved to be more cost effective and saved the jobs of over 100 
employees and the creation of another 200 jobs. The Burger plant 
today is poised to become one of the largest biomass-fueled plants 
in the country. 

After comprehensive climate legislation is enacted, we will see 
more and more plants like Burger. Many will be retrofitted with 
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carbon capture technology and some switched to natural gas or bio- 
mass. We will see concentrated solar power plants built where 
there has never been a power plant before. We will see wind farms 
going up alongside oil derricks. We will see buildings erected that 
emit zero carbon pollution and produce zero waste. 

We look forward to working with you to pass what could and 
should be the greatest job creating bill ever passed by the U.S. 
Congress. 

Thank you. 

[The prepared statement of Mr. Foster follows:] 
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Testimony of David Foster 
Executive Director, Blue Green Alliance 
Committee on Environment and Public Works 
October 28, 2009 


INTRO 

Good morning, Madame Chair, Members of the Committee; my name is David Foster. I serve as the 
Executive Director of the Blue Green Alliance, a national partnership of six major labor unions and two 
national environmental organizations. We bring together eight million members — touching virtually 
every corner of the country — in pursuit of good jobs, a clean environment and a green economy. 

The Blue Green Alliance, formally launched by the United Steelworkers and the Sierra Club in 2006, has 
since brought together the Communications Workers of America (CWA), Natural Resources Defense 
Council (NRDC), Laborers' International Union of North America (LIUNA), Service Employees 
Internationa! Union (SEiU), Utility Workers Union of America (UWUA) and the American Federation of 
Teachers (AFT). This collaboration of labor unions and environmental organizations is based on our 
common belief that building a clean energy economy will create good jobs, reduce the carbon emissions 
that cause global warming and make America more energy independent. 

Before serving in this capacity, 1 spent 31 years as a member of the United Steelworkers, and for 16 
years, served on the union's International Executive Board as the Director of District 11, a 13-state 
region based in Minnesota. 

The Blue Green Alliance, together with Its labor and environmental partners, has become one of 
America's leading advocates for transitioning to clean energy as a strategy for confronting America's 
energy, climate and environmental challenges. I am especially pleased to be given the opportunity to 
testify before the EPW Committee on this critical issue, as I did before the House Energy and Commerce 
Committee a few months ago. 

Earlier this year, in response to the deepening economic, energy and climate crises, the Blue Green 
Alliance put forth a policy statement on climate change legislation' — the first such joint statement of 
our labor and environmental partners, and for some of them, their first public statement on climate 
change. 

Following the release of that statement, our alliance worked with members of the House of 
Representatives to work through particular provisions — and ultimately support — the American Clean 
Energy and Security Act. As a result, thousands of workers across the country wrote letters and op-eds, 
made phone calls and attended town hall meetings in support of the overall effort to transition to the 
clean energy economy. Construction workers, janitors, steelworkers, industrial union workers and utility 
workers came to D.C. to pound the marble halls in support of the House bill and to urge the Senate to 
act, all because we have a huge opportunity to transform our economy by transitioning to clean energy 
— to create good jobs while improving the environment for our children and grandchildren. 

Thanks to the leadership of Senator Boxer and Senator Kerry, and the dedication of many other Senators 
both on the EPW committee and off, we've seen the introduction of the Clean Energy Jobs and American 
Power Act. The Blue Green Alliance looks forward to working with you throughout this process to ensure 
that comprehensive climate change legislation creates and retains millions of family-sustaining, green 
jobs and finances the transition to a clean energy economy. 
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The Problem and the Solution 

Climate change is a creeping threat to our ecosystem and our global and domestic economies. If left 
unchecked, its consequences will have devastating impacts on our economy and our way of life, as 
confirmed by numerous reports, including the U.S. Global Change Research Program's New Assessment 
of National, Regional impacts" and Sir Nicholas Stern's Stern Review, prepared for the British 
Government."' 

Radical changes in temperature, weather, water quantity, and air quality have the potential to throw 
even the most stable economies into an upheaval. We can debate the impact of certain provisions of 
this legislation on certain sectors of our economy, but our failure to act would saddle future generations 
of Americans with the consequences of unfettered climate change that would unquestionably bear 
heavily on our economic security. Perhaps more importantly, the failure to act would also be a tragic 
missed opportunity to solve the current unemployment crisis in America with a new generation of good 
jobs and vault America into the lead in the global clean energy economy. 

Ignoring climate change is also a vote for the status quo — a status quo that is unsustainable. The 
current economic mode! drove oil prices to more than $140 a barrel in 2008, contributed to skyrocketing 
food prices and global food shortages, and resulted in massive trade imbalances. That status quo helped 
whittle away good, family-sustaining American jobs for years. 

Passing comprehensive climate change and energy legislation puts us on a new path, one where there is 
greater hope for job creation and a cleaner environment. A recent report by the Political Economy 
Research Institute at the University of Massachusetts-Amherst''' showed that a $150 billion investment 
in clean energy will create 1.7 million jobs across the United States. . 

Another recent University of California Berkeley report confirms'' the job-creating potential of 
comprehensive climate change and dean energy legislation. This study shows that comprehensive dean 
energy and dimate change legislation could create 1.9 million jobs, increase annual household income 
by $1,175, and boost GDP by up to $111 bilNon. 

To maximize its economic success, this package must be comprehensive. It must deal with every piece 
of the puzzle: capping carbon emissions, providing incentives for job creation, investing in renewables 
and energy efficiency, accounting for carbon leakage and setting mandates for energy efficiency and 
renewable energy production. Some say that it would be easier to pass one piece of this puzzle and then 
try to move on to the next But doing so underestimates the complexity of this problem, sends 
contradictory messages to our energy markets and, most importantly, fails to solve the underlying 
climate crisis. 

SPECIFIC PROVISIONS 

Capping carbon emissions will create the necessary incentives for America to develop its dean energy 
economy. The Blue Green Alliance is pleased to seethe Committee take thoughtful and significant action 
in its target on the capping of emissions. Without the certainty of true emissions reduction, we can 
achieve neither our environmentai goals, nor our job creation goals. 


We also need a strong, national Renewable Eiectricity Standard (RES) and Energy Efficiency Resource 
Standard (EERS) that will drive the expansion of the American clean energy economy and make the U.S. 
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a leader in the increasingly competitive global clean energy industry. When the Clean Energy Jobs and 
American Power Act is taken to the Senate floor and combined with legislation from other Committees, 
the Blue Green Alliance urges Senators to include the RES bill Introduced by Senator Udail of Colorado 
and Senator Udail of New Mexico in the final package that is voted on by the Senate. 

A study released earlier this year''’ by the Blue Green Alliance and the Renewable Energy Policy Project 
found that if the U.S. passed a national Renewable Electricity Standard of 25 percent by 2025, and if all 
the renewable energy components were made In the U.S., more than 850,000 manufacturing jobs could 
be created across all 50 states by U.S. firms that already exist today. Economic models show that a 
federal RES at 25 percent by 2025 would generate over 39,000 jobs in Indiana; 42,000 in Pennsylvania; 
34,000 in Michigan; 51,000 in Ohio; and 35,000 in Wisconsin. 

A strong cap combined with an RES and EERS will reduce emissions in the most cost effective way while 
providing the foundation upon which to build America's clean energy economy. These policies already 
have a history of creating jobs in America. My home state of Minnesota currently has a 25 percent RES, 
and is home to Mortenson Construction, one of the nation's leading construction companies specializing 
in wind-farm installation. 

Following the passage of a state RES in Pennsylvania, Gamesa — a Spanish wind turbine company — 
opened one of several new blade, turbine and tower factories at the site of a shut down steel plant, 
bringing more than 1,000 jobs to the state and putting laid off steelworkers back to work in Ebensburg, 
Pennsylvania. 

I want to tell you about a few workers that have directly seen the benefits of a new green economy. Phil 
Taylor is a tool-and-die maker for a Peerless-Winsmith in Springville, New York, where he has worked for 
40 years, and for most of the last 20, has served as the lUE-CWA local president. He helps to make 
speed-reducers, or gear boxes for a variety of products. Right now, they make units for solar fields. Solar 
panels need to turn to follow the sun, and this company makes gear boxes that rotate the panels to 
follow the sun's trajectory. 

Lee Geisse is a greaser at an Allegheny Ludlum plant in Louisville, Ohio, where she helps in the 
production of specialty steel that is used to build the hub for windmills. Lee has worked at her plant for 
23 years and is a member of the United Steelworkers union. 

There are many stories like this across the country, and we will have more with the passage of a 
comprehensive climate change and clean energy bill. 

The transition to a clean energy economy is a tremendous opportunity for strengthening and expanding 
American manufacturing. As evidenced by the Gamesa example, and others, including the ClipperWind 
facility in Cedar Rapids, Iowa, AT! Casting in LaPorte, Indiana, and the Pauwels Transformers facility in 
Washington, Missouri, our workers can produce the steel, glass, precision parts and cement needed by 
the clean technology industry, but only if we provide the proper investment and protections. 

Our domestic climate legislation can prevent carbon leakage and assure international competitiveness. 
We can cut global warming pollution from ail important sectors while making sure that the production 
of steel, aluminum, cement and other energy-intensive and trade-sensitive commodities which are 
necessary to build our clean energy infrastructure stays in the U.S., and is not shifted to other countries 
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without adequate global warming policies. We can do this with a robust manufacturing title in the bill, 
which would ensure that strengthening and revitalizing America's manufacturing base is a priority. There 
is no reason why America and its workers should not lead the world in green manufacturing. 

A critical component to achieving this goal is the allocations to energy-intensive and trade-exposed 
industries. While the Kerry-Boxer bill allocates allowance value to these industries, unfortunately, it 
does not provide a sufficient portion to ensure that energy-intensive' industries receive the assistance 
needed to keep them from being put at a competitive disadvantage. This is a vital provision for 
preventing leakage of jobs and carbon pollution. With sufficient allocations, these industries will have 
adequate time to transition to cleaner, more efficient methods. I appreciate that the Chair and 
Committee have agreed to work with us to ensure that these industries are kept whole. It is critical that 
we fix this shortfall. 

In addition to sufficient allocations for energy-intensive industries, it will be necessary for this legislation 
to include a longer-term border adjustment provision to limit carbon leakage and ensure the fair 
treatment of American workers if countries fail to address global climate change as those allocations 
phase out. The Blue Green Alliance has been working with the Senate Finance Committee and have 
made clear to the Committee the importance of getting the border measure right. We were supportive 
of the end result of the House ACES bill, and hope that we can be at the same place at the end of the 
Senate process, i cannot emphasize enough to the Committee how critical both the rebates and border 
measure are to the success of the climate bill and to the support of the Blue Green Alliance and many 
labor unions. 

As you are well aware, a ton of steel manufactured in the U.S. results in one ton of carbon emissions. A 
ton of steel manufactured in China results in 2.5 tons of emissions. It would be a tragedy for both 
workers and the environment if our solution to global warming resulted in closing U.S. steel mills and 
importing needed steel products from China.'"' This bill can avoid that result as long as it puts in place 
the appropriate rebates to energy-intensive industries and a border-adjustment mechanism like the one 
included in the House ACES bill. 

As part of a manufacturing title, climate and energy legislation should also provide incentives to help our 
manufacturing base convert to the clean energy economy. We appreciate the inclusion and funding of 
clean vehicle manufacturing provisions, and hope that provisions like Sen. Brown's IMPACT Act — which 
creates a revolving loan program in states to provide financing to small- and medium-manufacturers to 
fund clean energy manufacturing projects — will also be included and funded in the final product to 
rebuild American manufacturing into the clean, efficient industry it can and should be. 

Energy saved is just as important as energy produced. It saves people and businesses money, reduces 
our reliance on fossil fuels and creates jobs, increased investments in energy efficiency would create 
more opportunities for high-road construction jobs and make our transition to a clean energy economy 
smoother and more expeditious. Buildings in the United States consume more energy and generate 
more carbon emissions than any other sector of the economy. Reducing this energy consumption should 
be a priority.''"' From retrofitting factories, .schools, and buildings to weatherizing homes and apartment 
buildings, and ensuring that they are operated and maintained to stay green, our country's workers can 
implement energy efficiency improvements immediately. 
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Such an effort can help reinvigorate the construction industry, which has seen the loss of 1,5 million jobs 
since this recession began in December 2007.'*' With this grim news, we need investments in both 
commercial and residential construction. 

Programs like the Retrofit for Energy and Environmental Performance {KEEP) program and investments 
in improved building codes, will finally put forth a dedicated effort to make buildings and homes more 
efficient. REEP can be even further improved by requiring quality Operations and Management 
programs to be established after buildings have been retrofitted. With these investments, we can begin 
to retrofit America's buildings and weatherize America's homes to make them as energy efficient as 
European buildings, where energy consumption is half the per capita rate of our country. Such energy 
savings can be put to use to finance a high-wage, high-road weatherization industry where livable wages 
are paid, health care is provided, and essential career- and job-training opportunities are made available 
to communities across America. 

In the past year, LiUNA has made the residential energy efficiency industry a national priority. They have 
an expert weatherization curriculum and the training instructor poo! necessary to deliver the numbers of 
well-trained and well-paid workers to perform quality retrofits across the country. They have exciting 
programs underway in New Jersey, Delaware, Nevada, Chicago, and Ohio. The demand for 
weatherization work will require an industry that can train and connect workers to hundreds of 
thousands of new jobs. In 2009, LIUNA Local 55, working with the Garden State Alliance for a New 
Economy, provided weatherization training for unemployed local residents in Newark. 

It is essential to protect the underlying value of our homes and buildings by establishing high-quality 
standards for retrofit and weatherization work. To this end, we believe that national minimum standards 
are an essential part of any program receiving support from the federal government that is designed to 
spur residential energy efficiency, and we look forward to working with the Senate to ensure that such 
standards are included in the final bill. 

The Building Service Local 32BJ of SEiU in New York has been greening the city's buildings for the last 
four years. Their training fund, which is a joint labor-management organization, is now poised to 
significantly expand upon its existing green training experience by training 1000 green superintendents 
in one year to help make the city greener. What will help encourage and expand this effort is policy in 
the legislation requiring quaiity operations and management programs. After all, the maintenance and 
operations of green buildings are just as critical to our efforts to combat climate change a.s the actual 
initial greening and retrofitting of buildings. And it also means additional green jobs. 

The State and Local investment in Energy Efficiency and Renewable Energy will provide the dedicated 
investment in energy efficiency and renewable energy to support and accelerate the implementation 
and deployment of these technologies and practices. Directing these funds to reequipping 
manufacturing facilities, deploying clean energy technologies and the facilities and equipment that 
produces them, improvements in transmission, smart grid development, and advances and deployment 
of energy efficiency will be one of the important drivers to create good, green jobs. 


The Blue Green Alliance also supports the inclusion of the State Recycling Programs, and hopes to work 
with the Committee to fund it. This program will create numerous jobs reducing waste and reusing 
materials that would otherwise be left to sit in toxic landfills emitting methane — by far the most potent 
greenhouse gas. It will transform our current waste infrastructure and assist the U.S. in meeting its 
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energy and climate goals while creating jobs. This program can create tens of thousands of new jobs and 
should include measures that wiH ensure taxpayers that the funds will create good, family-sustaining 
jobs. 

Our workforce must have ail the necessary tools and knowledge to successfully work in green jobs. We 
can do this by offering training for all who want the opportunity. We believe that the Green Jobs Act of 
2007 gives us the best framework for training and implementation of these jobs in a fair and equitable 
manner. We thank you for providing allowances to fund this provision, in addition, we urge you to 
maintain the integrity of the provision by ensuring that labor-management partnerships continue to be a 
mandatory part of the training process. 

Along with training, we must open doors to certain communities who are too often left out. The Green 
Construction Careers Demonstration Project provides an outlet that will promote quality employment 
practices that are accessible to low-income communities and workers. We appreciate the funding of 
this demonstration project, and believe it will go a long way to ensuring that these communities are an 
integral part of the transition to the clean energy economy. 

While many jobs will be created in areas related to renewable energy and energy efficiency, some jobs 
in other areas will potentially be lost and communities strained. It is critical that the final legislation 
builds on the inclusion of the Climate Change Worker Adjustment Assistance Program to include a 
robust and comprehensive program to provide assistance to workers who are adversely affected by the 
changes in policy. Workers should not only receive a readjustment allowance and health care, but also 
access to employment training. 

We cannot focus solely on the workers of today. In order to be prepared, we need to ensure that 
workers of the future have the requisite skills and knowledge base. The Clean Energy Curriculum 
Development Grants give the Secretary of Education the ability to fund programs that prepare students 
for careers in the new economy. This is a great start, but we should look for more ways to invest in our 
citizens and workers of tomorrow. 

Schools across the country are beginning to incorporate a greener education curriculum. For example, in 
Connecticut, some teachers within AFT are partnering with businesses and community organizations to 
obtain green teaching tools, such as a wind turbine donated by the local power company, a cutaway 
model of a turbine inside the school's electrical shop that's fully functional for teaching, and a 
demonstration greenhouse built by tenth grade students to mode! solar panels and small LED lights. The 
students Instaii meters that monitor electricity production from the wind turbine that is provided to the 
school. AFT and teachers across the country understand that the new economy is the green economy 
and we can't start to train too early. 

The Clean Energy Jobs and American Power Act has shown significant commitment to ensuring that 
American workers are treated fairly and that good, long-lasting jobs are created in the clean energy 
economy. We appreciate the inclusion of prevailing-wage provisions, requiring that ail federally-funded 
construction jobs be .subject to prevailing wages. We also ask that you expand opportunities to provide 
quality jobs in the clean energy economy for ai! Americans. Ail new jobs funded in part or in whole by 
the federal government should pay fair wages and benefits, and contractors should pay a living wage 
and abide by responsible contracting principles. 
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As we transition to the clean energy economy, it is important that we effectively deploy our varied 
portfolio of energies and technology. Carbon capture and sequestration (CCS) technology and its 
deployment can allow us to use coal in a cleaner and more efficient way while creating high-skilled, high- 
wage jobs for American workers. We are pleased with the direction of the ongoing discussions on the 
CCS language that is in the legislation and believe that funding should be provided to CCS research, 
development and deployment. Particular attention should be paid to the technologies that will apply to 
capturing carbon from existing facilities and that will apply to the steel and cement industries as well as 
power generation. 


CONCLUSION 

Climate change is a global problem that requires a global solution. Without passing comprehensive 
climate legislation that guides the transition to clean energy in the United States, we will not achieve this 
global solution. 

This is our chance to lead. 

We appreciate that the Kerry-Boxer bill includes funding to develop markets for American clean energy 
technologies in developing countries that take part in the global effort to reduce emissions, funding for 
developing countries to adapt to climate change, and funding to achieve additional emissions reductions 
by combating deforestation. 

These provisions are essential to secure a global climate treaty. 

For the United States, this is an opportunity to rebuild our economy and protect our environment for 
future generations of Americans. 

This is an opportunity to remake a stagnant economy and invest In our country's middle class, which was 
the backbone of prosperity in the century. 

This is our opportunity to ensure that the educators, manufacturers, construction and maintenance 
workers who gave our country its competitive advantage in the 20'*' century are at the forefront of 
building a clean energy economy in the 21^\ 

With legislation like Kerry-Boxer, we will see more examples like the R.E. Burger power plant in 
Shadyside, Ohio. A coal-fired power plant originally built in the 1940s, Burger needed to be fitted with 
pollution control equipment to meet necessary standards for coal plants. The equipment proved to be 
too costly and the owners were moving to close the plant and lay off hundreds of workers in an already 
economically depressed area. Thankfully, with the help of UWUA Local 350, FirstEnergy decided to 
retrofit the plant and convert to biomass. This proved to be more cost effective and saved the jobs of 
over 100 employees on site, and will pave the way for the creation of another 200 jobs. The Burger plant 
is poised to become one of the largest biomass-fueled plants in the country. 

After comprehensive climate legislation is enacted, we will see more and more plants like Burger. Many 
will be retrofitted with CCS technology and some switched to natural gas. Well see concentrated solar 
power plants built where there's never been a power plant before. We'll see wind farms go up alongside 
oil derricks. We'll see buildings erected that emit zero carbon pollution and produce zero waste. 
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Most importantly, we'll see American workers building, producing, training and maintaining ail of these 
projects. 

We look forward to working with you to pass what could and should be the greatest job-creating bill 
ever passed by the U.S. Congress. This is a rare opportunity to confront our nation's challenges — 
energy, economy and climate — and begin to tackle them simultaneously. 
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October 30, 2009 


BLUSRiEN 

ALLIANCE 


The Honorable Barbara Boxer 

The Committee on Environment and Public Works 

United States Senate 

410 Dirksen Senate Office Building 

Washington, DC 20510-6175 

Dear Madame Chair: 

Thank you for providing me the opportunity to testify before your committee on Wednesday, 
October 28. Below, please see my responses to the follow-up questions asked by yourself and 
Senators Sanders, and Klobuchar. 

Senator Barbara Boxer 

1. Mr. Foster, are there additional issues that are relevant from your testimony that you would 
like to elaborate on for the record? 

I would like to expand on my comments regarding the importance of the international competitive 
piece of the bill. Some might argue that border-adjustment provisions are protectionist and will spark 
trade disputes that would be more harmful to the global economy than the problems they are 
designed to correct. In fact, the inclusion of the border-adjustment provisions are designed to incent a 
negotiated solution to the competitiveness problems created by pricing carbon differently in different 
countries at the onset of a global treaty. In the House ACES bill, a negotiating process was created to 
encourage countries to reach sectoral agreements in each energy-intensive industry before the onset 
of the border-adjustments. These sectoral agreements could be negotiated separately in each energy- 
intensive industry and would govern the relevant factors designed to reduce green house gas 
emissions, thereby eliminating the need for border-adjustments while cleaning up the environment. 

The three-pronged approach — adequate allowances in the early years to compensate for transition 
costs, incentives to negotiate sectoral agreements in the mid-term, and border adjustments in the 
event of the failure of negotiations— provides the U.S. with the opportunity to move forward on 
implementing climate change solutions immediately. It also gives the international community a clear 
signal of our willingness to minimize the trade implications of climate change to specific energy- 
intensive sectors of the economy and resolve those issues individually through negotiations, while 
giving American workers an equally clear signal that their jobs will not be sacrificed in what could 
otherwise become a futile attempt to decrease emissions. 

These provisions are not protectionist. They represent sound environmental and economic policy and, 
if adopted by the Senate, will give the global community a road map on how to achieve a global 
agreement that is good for the environment and good for economic growth while making it clear that 
the U.S. will not swap regulated pollution at home for unregulated pollution abroad. 
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We also appreciate that the Kerry-Boxer bill includes funding to develop markets for American clean 
energy technologies in developing countries that take part in the global effort to reduce emissions, 
funding for developing countries to adapt to climate change, and funding to achieve additional 
emissions reductions by combating deforestation. 

These provisions are essential to secure a global climate treaty. But they are also good for American 
job creation. Take the issue of deforestation, for instance. Today there Is a direction connection 
between the loss of jobs in the paper industry in the US and tropical deforestation. Deforestation 
currently contributes about 30% of global greenhouse gases each year, in many countries much of that 
deforestation is illegal. The United Nations Environment Program estimates, for instance, that 80% of 
timber harvesting in Indonesia takes place in contravention of that country's own laws. It's like dear 
cutting Yellowstone National Park and not even paying the government for that right. In 2007, the 
United Steelworkers, the Sierra Club and New Page Paper Company filed the first illegal logging trade 
case with the US Department of Commerce. In that case we asked for tariffs against the coated free- 
sheet paper products of Asia Pulp and Paper, one of the largest paper conglomerates in the world, for 
the unfair advantage it gained in world paper markets by using pulp from illegally logged timber in 
Indonesia in its products. 

Another trade case is currently underway initiated by several U.S. paper producers, demonstrating 
again the direct connection between global warming and the loss of employment by thousands of pulp 
and paper workers in the U.S. Interestingly, the loss of employment is equally stark in Indonesia where 
the rise in illegal logging has caused massive Job loss to Indonesian forestry workers. Kahutindo, the 
union of Indonesian forestry workers, reports the loss of over 100,000 Jobs in that industry in the last 
decade. Again, if we pass climate legislation in the U.S. and start recognizing the real value of those 
tropical rainforests as carbon sinks, we'll solve climate change and reinvigorate our domestic pulp and 
paper industry. 


Senator Bernard Sanders 

1. M7e know in Vermont that energy efficiency has tremendous value, and even though Vermont 
is a leading state, Efficiency Vermont projects even greater efficiency savings in future years. 
Energy efficiency is a proven way to create jobs and save consumers money, while reducing 
emissions. Would you agree that this Committee should set flexible, cost-effective energy 
efficiency investment criteria for a portion of the allocation that is provided for free to electric 
LDC's under this legislation, just as this legislation does for the natural gas allocation? 


Along with our environmental partners, the Laborer's International Union of North America and 
the Service Employees International Union strongly support sotting cost-effective energy 
efficiency investment criteria for a portion of the allocation that is provided for free to electric 
local distribution companies. 
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As shown by reports by the American Council for an Energy Efficient Economy, significant 
investments in and strong policies for energy efficiency saves people money, creates jobs, and 
offers the best and most immediate method to addressing climate change. 


•Senator Amy Klobuchar 

1. In Minnesota, we have strong, consistent policies in place that have promoted the 
development of homegrown energy -from biofuels, to biomass, Co wind, solar, geothermal 
and hydro power. The reason we've had this success is that businesses know there will be 
demand for their products in the future and can plan to develop new products. On a federal 
level, this consistency has been lacking. As Secretary Chu said in his testimony yesterday, "On- 
again, off-again incentives will not drive the level of clean energy investment we need.” Can 
you comment on this bill's ability to provide the private sector market certainty for 
homegrown energy projects and technologies? 

Simply put, there are two pieces that will go a longways toward achieving this certainty. First, we 
must establish a strong national renewable electricity standard [RES), much like S.433 or your S. 
826. As you state, Minnesota is a great example of how this will work, as our home state has a 
25% target of renewable energy production by 2025. After implementation of this policy, the 
private sector successfully took off to meet these achievable targets. To get the same success 
nationally, we need a similar policy. 

The second piece is a proper price on carbon, which Kerry-Boxer achieves. By placing a cap on 
carbon emissions and establishing a regulated market, we will ensure that emitting carbon costs a 
fair, market-based price. Adding this cost into the equation will provide the private sector the 
signal that certain production processes must be changed. With this signal, the private sector will 
begin to heavily invest in cleaner technologies, moving our country to the clean energy economy. 

With these national policies, along with dedicated investments and proper worker protections, we 
should expect a budding, domestic clean energy industry to forcefully take hold of our economy. 

2. Mr. Foster, asyou know, our home state, like many others represented on this Committee, has 
been hit hard by the shift of basic manufacturing from factories here in the United States to 
factories overseas. How does this legislation spur the creation of new jobs in manufacturing 
and industiy within the United States? 

By putting a price on carbon and investing in the production and deployment of clean energy 
technologies, Kerry-Boxer establishes a solid framework for which manufacturing can be a big 
part of our clean energy future. With that said, the framework is currently incomplete. 
Comprehensive climate change legislation should have a separate and robust manufacturing title 
that includes investments, safeguards, and policies that spur new manufacturing and 
improvements in e.xisting manufacturing. 

In particular we need to first shore up the rebate account for energy-intensive, trade-exposed 
(EITE) industries, Kerry-Boxer, as currently written, does not provide a sufficient amount of 
allowances to these manufacturing-heavy industries. Without these allowances, we cannot start 
to consider the reinvigoration of manufacturing. 
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Once we solve the EITE shortfall, we must then include more investments directly for 
manufacturing. Building on the investments in renewable energy deployment and technology 
development, we must provide an influx of funding for the reequipping of manufacturing facilities 
to build the components of the clean energy economy. Keriy-Boxer begins to address this issue by 
including funding for clean vehicle manufacturing and allowing for slate funds to go to 
reequipping manufacturing facilities, but to truly spark the manufacturing industry we must 
implement and fully fund policies like Sen. Browm's IMPACT Act. 

Finally, we must ensure that our manufacturing sector is not subject to carbon leakage. Currently, 
Kerry-Boxer includes a Sense of the Senate stating that a border adjustment measure will be 
included in the bill. We appreciate this and have been working with the Finance Committee to 
ensure the border measure is included and properly crafted. 

Sincerely, 

David Foster, Executive Director 

Blue Green Alliance 
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Senator Boxer. Thank you very much, Mr. Foster. 

It is our pleasure to welcome Mayor Michael Nutter, the Mayor 
of Philadelphia, Pennsylvania. 

STATEMENT OF HON. MICHAEL A. NUTTER, MAYOR OF PHILA- 
DELPHIA, PENNSYLVANIA; TRUSTEE, U.S. CONFERENCE OF 

MAYORS 

Mr. Nutter. Madam Chairman Boxer, Ranking Member Inhofe 
and members of this committee, I want to thank you for the oppor- 
tunity to testify on the Clean Energy Jobs and American Power 
Act. 

I also want to thank my Senator, Senator Arlen Specter, for the 
wonderful introduction, very complimentary, and I appreciate that. 
The Senator and I have a long-standing working relationship on 
behalf of Philadelphia and some Pennsylvanians for a long period 
of time. 

My name is Michael A. Nutter, Mayor of the city of Philadelphia 
and a Trustee of the United States Conference of Mayors. I am 
pleased to be here today on behalf of the Conference in full support 
of this legislation, and I would ask. Madam Chairwoman, that my 
full testimony be submitted for the record. 

Senator Boxer. Without objection. 

Mr. Nutter. Thank you. 

The United States Conference of Mayors has been urging Con- 
gress to pass a comprehensive climate protection plan that reduces 
our Nation’s greenhouse gas emissions, encourages renewable en- 
ergy, increases energy efficiency and enhances our economic secu- 
rity. The bill before us today will achieve these outcomes. 

As all of you know well, our Nation finds itself at a difficult time. 
Faltering city. State, Federal and global economies, rising national 
security challenges further complicated by rising environmental 
threats, now define the first decade of this new century. We must 
confront these challenges with courage, vision and action. 

And that is exactly what this committee is doing today in moving 
forward with this important legislation. If we do this right, we will 
chart a new direction that will increase our energy independence, 
reinvigorate our economy and create new jobs in the process. 

I would like to discuss how this legislation will not only protect 
our environment, but will also support economic recovery and 
longer-term economic growth. 

On behalf of the Nation’s mayors, I want to thank you. Chair- 
woman Boxer, Ranking Member Inhofe and the members of this 
committee for recognizing the important role that city and local 
governments must play in a comprehensive climate protection plan 
by including commitments to the Energy Efficiency and Conserva- 
tion Block Grants Program, also known as EECBG. 

Cities in our metro areas are not only the economic engines of 
the United States economy, but they also represent some of the big- 
gest users of total energy consumed. Local governments are respon- 
sible for transportation networks, water and wastewater systems, 
building code enforcement, fleets of vehicles, solid waste disposal 
and recycling collection. These activities are a source of many of 
our emissions. But cities are also a source of innovative solutions 
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that will have a significant impact on reducing greenhouse gas 
emissions and energy consumption while also creating new jobs. 

Under ARA, the city of Philadelphia will receive $14.1 million in 
EECBG funding. We have developed a plan that makes immediate 
investments in energy efficiency and conservation while leveraging 
and extending these investments into the future, generating jobs 
and economic benefits that will be realized over the coming months 
and years ahead. 

In 1997, our Streets Department replaced all of our red light 
traffic signals with LEDs, saving $8.4 million and over 40 million 
tons of greenhouse gas emissions over 10 years. Using EECBG 
money and other leveraged funds, we will convert an additional 
58,000 yellow and green traffic signals and replace 27,000 red LED 
lights. The project will save our city $1 million in electric costs 
every year. 

There are enormous potential returns to energy saving invest- 
ments in building retrofits. The debt incurred to fund the improve- 
ments will quickly be offset by reduced energy operating costs. 
With EECBG and other leveraged funds, again we will be offering 
low interest loans to commercial, industrial and institutional prop- 
erty owners that wish to undertake building energy efficiency ret- 
rofit projects. In addition, $500,000 in matching grants for building 
energy efficiency improvements will be made available to small 
businesses. 

Besides the EECBG, there are numerous other programs con- 
tained in this legislation that are good for both the economic and 
job creation fronts. I wanted to highlight a few that are going on 
in Philadelphia and what this legislation can do for us in the fu- 
ture. 

In 2008, we installed a new solar hot water system on a riverside 
correctional facility, the first in the Nation. The additional cost of 
a solar heating system is expected to pay for itself through lower 
energy costs in less than 9 years. Over its useful life, estimated at 
25 years, the solar system will save over $1 million and reduce 
emissions by over 1 million pounds of CO 2 . 

There is potential to develop and deploy solar at scale. We have 
acres and acres of public rooftops, also knowing as housing in 
Philadelphia, row homes in our city that could support similar in- 
stallations. The city of Philadelphia currently spends $19 million 
annually on housing preservation and weatherization, supporting 
about 3,600 projects a year. An expanding building and retrofit pro- 
gram contained in this bill could become part of a pipeline to retool 
Philadelphia’s work force to meet a growing demand in the private 
market for building retrofit. 

A new job training program developed by our Energy Coordi- 
nating Agency will certify new weatherization specialists. Some of 
this training can be completed in as little as 2 weeks, allowing un- 
employed and underemployed Philadelphians to transition rapidly 
into a sector with tremendous opportunity. The total number of 
trainees is expected to be over 800 in the first 2 years of operation. 

Our Nation cannot remain economically competitive if we con- 
tinue down a path where petroleum is our primary source of power 
for the transportation sector. This means that all federally assisted 
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transportation investments must — and this legislation does — em- 
phasize sustainable transportation. 

Philadelphia has already decreased its transportation greenhouse 
emissions by nearly 10 percent from its 1990 levels. But we have 
established a further goal of reducing emissions by 10 percent by 
2015. My experience in Philadelphia is characteristic of so many 
cities that are moving forward with these kinds of investments. 

Let me conclude by saying that I have provided a few examples 
of the energy and climate work underway in our city, and I am just 
one example of what many mayors across America are doing in our 
Nation. These innovative practices and programs stimulate the 
economy, create jobs and protect our environment. At the same 
time, we know that the potential to do more exists, including cre- 
ating millions of new jobs in advanced and growing opportunity 
through this work and we have only scratched the surface. 

I congratulate you. Chairman Boxer, Senator Kerry and mem- 
bers of the committee for your hard work on this critically impor- 
tant legislation. The Nation’s mayors support your efforts, and we 
encourage the Senate to move quickly to enact comprehensive en- 
ergy and climate legislation during this Congress. 

Thank you. Madam Chairwoman. 

[The prepared statement of Mr. Nutter follows:] 



Testimony of the Honorable Michael A. Nutter 
Mayor of Philadelphia and Trustee of The U.S. Conference of Mayors 

Hearing on S. 1733, The Clean Energy Jobs and American Power Act 
Before the Senate Environment and Public Works Committee 

October 28, 2009 

Chairman and Members of the Committee, I thank you for this opportunity to testify on this important 
piece of legislation, S. 1733, The Clean Energy Jobs and American Power Act. My name is Michael A. 
Nutter, Mayor of Philadelphia and I serve as a Trustee for The U.S. Conference of Mayors. 

Tm pleased to be here on behalf of the Conference of Mayors to convey the nation's mayors' support 
for this much-needed legislation. Since 2005, the Conference of Mayors has been urging Congress to 
pass a comprehensive climate protection plan, one that reduces our nation's greenhouse gas emissions 
through an emissions trading system, adapts to anticipated climate threats, transitions to greater use of 
renewable energy and cleaner energy supplies, increases commitments to energy conservation and 
efficiency, and enhances our economic security through the accelerated development of homegrown 
energy supplies and technologies. The bill before you today will achieve these outcomes. 

The U.S. Conference of Mayors is a national, non-partisan organization that represents cities with 
populations of over 30,000 or more, through its chief elected official, the Mayor, The Conference of 
Mayors was formed back in 1932 as a response to the Great Depression. At that time, mayors gathered 
to speak with one voice to promote policies and programs that would move our country in a direction 
that would proniote jobs and economic competitiveness. We find ourselves similarly challenged today. 
Faltering national and global economies and rising national security challenges, further complicated by 
rising environmental threats, now define the first decade of this new century. 

We must confront these challenges with courage, vision and action, as I believe this Committee is doing 
today in moving forward with this important legislation. If we do this right, we will chart a new direction 
that increases our energy independence, reinvigorates our economy, and creates more new jobs In the 
process. 

With this said, 1 look forward to enactment of comprehensive energy and climate legislation that 
includes as its centerpiece, the Clean Energy Jobs and American Power Act. in my testimony, i will share 
some perspectives on current economic conditions, the potential for creating green jobs, and how this 
legislation can support economic recovery and longer-term economic growth into the future. 


107 


Status of U.S. Economy/Metro Areas 

The Conference of Mayors has worked extensively on the role of metropolitan economies in shaping 
U.S. economic growth. These 363 city/county metro economies are home to 86 percent of the U.S. 
employment, more than 90 percent of wage income and nearly 90 percent of our gross domestic 
product. Most notably, our work with IHS Global Insight indicates that an estimated 94 percent of all 
U.S. economic growth over the next twenty years will occur in these 363 areas. 

Our recent analysis shows that these areas - in larger numbers than ever before - are now struggling to 
sustain their economic output and generate jobs for people who need them. As this data shows, the 
nation's economy will not recover until these economic engines of the U.S. economy are revived. 

importantly, this reality underscores the importance of the Committee's decision to invest directly in the 
cities and counties that comprise these economies by including commitments to the Energy Efficiency 
and Conservation Block Grant Program in the legislation before you. 


Green Jobs Report 

This Committee is familiar with the Conference's work on green jobs and the potential employment 
benefits of a shift to a greener economy. Specifically, the Conference of Mayors earlier this year 
provided information on IHS Global insight's analysis, U.S. Metro Economies - Current and Potentio! 
Green Jobs in the U.S. Economy, for the Committee’s record. 

Again, i would like to share some brief comments on this analysis, based on scenarios calling for 
increased energy efficiency in new and existing buildings; greater reliance on ethanol and biodiesel fuels 
in the transportation sector, and securing a much larger shareof our electricity from renewable energy 
supplies. To achieve these forecasted jobs, these scenarios assumed private and public sector changes, 
including laws, policies and practices at the federal, state and local levels would be sustained and, in 
instances, enhanced. Among the report's key findings; 

• There will be 4.2 million green jobs in the U.S. economy by 2038 if we achieve the goats of the 
scenarios, five times larger than the 2006 baseline of slightly more than 750,000 jobs 
nationwide. 

* Green jobs will represent 10 percent of ail new jobs by 2038, and will be the single large.st 
source of new jobs in the economy. 

« Where a metro area starts today, in terms of its current share of existing green Jobs, is not 
necessarily where its economy will end up in thirty years, meaning that all local areas 
{metropolitan and non-metropolitan areas) will have the opportunity to increase their relative 
share of the green economy. 


The report also provided first ever estimates, on a metro-by-metro basis, of the current green jobs in 
these 363 areas, which we are calling our metro green Jobs index. Going forward, as we further refine 
existing data and develop new data and measures, local leaders will be able to track how their areas are 
doing in developing and attracting green jobs, showing policy-makers and the public the quantifiable 
economic and employment benefits of a greener economy. Over time, this will give us tools to measure 
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the effects of our policies and investments. And, it will challenge those directly who assert that green 
jobs is simply a goal or vision, not a justifiable economic strategy. 

We do believe that our analysis was somewhat conservative because it does not provide a 
comprehensive assessment of the potential for green jobs in the U.S. economy. For example, our 
scenario for green jobs in the transportation sector was largely based on switching to alternative fuels in 
vehicles, leaving out the many green jobs that will result if we reengineer our transportation 
infrastructure systems to make them less carbon dependent. The nation's mayors support your efforts 
to place more emphasis on reducing greenhouse gas emissions in the transportation sector 

With these points as context, t would tike to call attention to some of the key provisions of interests to 
the nation's mayors, noting how we believe this legislation improves the environment and creates jobs. 


Energy Efficiency and Conservation Block Grant {Title II, Section 202) 

Cities and their metro areas are not only economic engines of the U.S. economy and where jobs must be 
created for our future, but these population centers represent some of the biggest users of total energy 
consumed, and, as such, the biggest producers of greenhouse gas emissions. At the city and metro level, 
we have the potential of implementing solutions that, due to our economy of scale and other factors, 
will have the most significant impact on reducing greenhouse gas emissions and energy consumption 
while also creating new jobs. 

This explains why the nation's mayors have so strongly advocated for the inclusion of the Energy 
Efficiency and Conservation Block Grants Program (EECBG) in a comprehensive energy and climate 
change bill. On behalf of the nation's mayors, I want to thank you Chairman Boxer and the members of 
this Committee for recognizing the important and necessary role that cities and other local governments 
must play in a comprehensive, national energy and climate protection plan by including the EECBG 
Program in your proposed legislation. 

Long-term, sustainable funding for the EECBG Program is a top priority for The U.S. Conference of 
Mayors and the other local government organizations, including the National League of Cities and the 
National Association of Counties. Funded for the first time through the Recovery Act, this program is 
administering $3.2 billion directly to state and local governments to support energy efficiency, 
conservation and renewable energy technologies. This infusion of funding is supporting both practical 
and innovative projects across the country, helping local communities to make strategic investments 
while positioning the country for shifts in the energy economy. With the inclusion of the EECBG 
Program in this bill, our nation's metropolitan areas as well as smaller cities and counties will have 
access to additional resources to implement both short-term solutions and long-range strategies to 
ensure more efficient energy use, develop renewable and other homegrown energy supplies and curb 
overall greenhouse gas emissions. 


The City of Philadelphia will receive $14.1M in formula allocation Recovery funds through the EECBG 
Program. We have developed an eleven-part plan that will allow us to make immediate investments In 
energy efficiency and conservation while leveraging and extending these investments into the future. 
Cities that can grow white lowering their energy consumption have an enormous competitive advantage 
by reducing their energy costs and developing Innovative new technologies. As such, increasing energy 
efficiency and cultivating renewable energy sources in Philadelphia is the centerpiece of our 
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sustainability strategy. The EECBG program provides critical funding to help us increase our energy 
management capacity, lower our energy use and costs, and support long-term citywide community 
development. 

I want to give you a few examples of what Philadelphia will be able to accomplish with our current 
EECBG funding to demonstrate the economic and job creating benefits that will be realized over the 
coming 12-18 months, and hopefully beyond the Recovery and well into the future with a sustainable 
EECBG funding pool as is wisely provided for in this bill. 

LED Lighting - in 1997, Philadelphia became the first major U.S. city to widely deploy LED (light emitting 
diode) in our traffic lights. Our Streets Department replaced all of our red traffic signals - red being the 
only color available at the time - saving $8.4 million between FY 1998 and FY 2008. In addition, we 
avoided over 8 million kilowatt hours (kWh) of electricity use every year and over 4 million tons of green 
house gas (GHG) emissions every year. With $3.05 million in EECBG money and $3.05 million in other 
leveraged funds, we will convert an additional 58,000 yellow and green traffic signals and replace 27,000 
red LED lights. The project will save the City $1 million in electric costs each year as well as maintain or 
increase jobs in the LED manufacturing industry. 

Greenworks Loan Program - There are enormous potential returns to energy-saving investments in 
building retrofits; the debt incurred to fund the improvements is quickly offset by reduced energy 
operating costs. But the challenge is in designing the program instruments capable of achieving these 
savings in the real world of homeowners and other property managers. Building retrofits may be self- 
financing but they are not self-implementing. 

With $4,775 million in EECBG funds and $4.5 miiiion in leveraged funds, we will be offering low interest 
loans to commercial, industrial, and institutional property owners that wish to undertake building 
energy efficient retrofit projects. There are currently few financing options available to help individual 
building owners with such efforts. The initiative will provide businesses with affordable capital (targeted 
net interest rate < 5%) to incent them to make energy efficient improvements that will help them 
improve their bottom line and continue to provide jobs and economic activity in the City. These low 
interest loans will be targeted to help businesses and non-profits that are trying to expand or are 
attempting to maintain a facility that would otherwise be at risk of closure. The program is intended to 
have dual positive impacts on businesses throughout the City - helping them reduce energy use and 
greenhouse gas emissions while simultaneously reducing their overatl operating costs and helping them 
maintain jobs and economic activity. Applications will be approved based on energy savings and job 
creation potential. 

In addition, $500,000 in matching grants for building energy efficiency improvements to small 
businesses that cannot afford to participate in the larger loan program. As with the loan program, 
organizations will apply for the grants and wiii be approved based on energy savings and job creation 
potential, and will be able to use awards to seal their buildings, purchase energy efficiency equipment, 
or replace old, wasteful heating, cooling, and lighting systems, 

Greenworks Technology Commercialization Grant Pilot Program: A third financial incentive program 
Philadelphia is funding through EECBG is our innovative technology commercialization pilot. If we are to 
think big about green jobs up and down the income spectrum, about green jobs that can truly transform 
an economy, then we have to think bigger than insulation and windows. We have to think about the 
next generation of energy efficiency technology. That's why we're taking a small portion of our grant 
and using it to help local busines.ses develop and bring to market new energy efficiency technologies 
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that have the potential to transform markets. At the same time, we're also aware that this kind of 
investment from a city government is uncommon, so we're starting small with a true pilot mentality, 
hoping to learn lessons about how to make smart Injections of capital that can become a model for 
other local governments in our region and beyond. 

Incentive-Based Recycling Program: The City of Philadelphia provides single stream weekly curbside 
collection of recyclables. in FY2009 the City achieved a 12.7% residential diversion rate. Our goal is to 
reach a 20% residential diversion by 2011. This increase will contribute to energy savings, reduce landfill 
costs and preserve the natural environment. To achieve this ambitious goal the City of Philadelphia will 
partner with RecycleBank to implement an Incentive based recycling program. The program will be 
offered and made available citywide. Households that register will be rewarded for their recycling and 
trash reduction efforts. RecycleBank Points will be distributed to Philadelphia RecycleBank Program 
Members based on the average recycling rate and average trash reduction rate for participating 
households in each neighborhood. Residents will have the flexibility to choose the rewards they want, 
including the option to make donations to Philadelphia schools or other charitable causes - pumping 
money into the local economy. Participation will be tracked using a radio frequency identification (RFID) 
tag affixed on one of the household's recycling containers. In order to read these tags and attribute 
points to participants, each of the City's 70 recycling collection vehicles will be retrofitted with a RFID 
reading system. Without the RFID readers, the RecycleBank incentive based recycling program will be 
inoperable. $708k in EECBG funds will pay for the lease buy-out of the RFID reading system, securing the 
program’s infrastructure. The City anticipates that this innovative program will increase the percent of 
waste diverted to recycling by 5-10%, which would result in additional 30,000 to 60,000 tons being 
diverted from trash to recycling each year. 

The mayors of this nation bring to this challenge considerable experience and expertise. For years, 
mayors have been working on the issues of energy, environment and transportation to promote greater 
sustainability in their communities. Among these many leaders. Conference President, Seattle Mayor 
Greg Nickels, has led our national movement to focus specifically on reducing greenhouse gas emissions 
in our communities. Earlier this month, Mayor Nickels welcomed the 1,000’^ Mayoral Signatory to the 
Mayors Climate Protection Agreement - Mesa, Arizona Mayor Scott Smith. Each one of these mayors, 
who collectively represent more than 86 million Americans has committed to reducing their city's 
greenhouse gas emissions by 7 percent below 1990 levels by 2012. Achievements of these goals has 
always assumed and expected complementary actions by our states and the Congress. 

The Conference of Mayors' Climate Protection Center recently released a new report entitled The Power 
of 86 Million Americans: 1000 Mayors Committed to Climate Action - Selected Profiles of Mayoral 
Leadership. This report provides selected examples of mayoral actions throughout the nation -whether 
it involves promoting energy conservation, changing traffic lights to LEDs, retrofitting homes and 
buildings, or deploying solar and other renewable technologies. These mayors represented both large 
and small cities in every region of the country. 

The EECBG Program was specifically designed to support, and accelerate, such locally-based solutions 
set forth in the report, activities that mobilize people In their own communities, save money for 
governments and taxpayers, and create jobs that cannot be outsourced overseas. 

Other Noteworthy Programs in S. 1733 

In addition to dedicated support for a continued EECBG Program, there are numerous other programs 
contained in S. 1733 that are good for this nation; policies that will transform our economy, create jobs 
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and reduce greenhouse gas emissions. Philadelphia and other cities have taken a leadership role in 
many of these same areas. I wanted to highlight a few examples of the benefits of these policies. 


Fleet Management (TMe I, Subtitle E, Section 154) In 2004, Philadelphia designed a fleet reduction 
program that was widely celebrated, including recognition by the Kennedy School's Innovation in 
American Government Awards. At that time, the municipal fleet was reduced by 330 vehicles, 
facilitated by transportation alternatives that maximized economic returns while reducing 
environmental impact. The program's key element was contracting with the nonprofit PhillyCarShare 
(for the first four years and since July 2008 with the for-profit ZipCar) to make car-sharing vehicles 
available to City employees. To our knowledge, Philadelphia has the largest government car sharing 
program in the nation and we continue to reduce and reconfigure our municipal fleet to find broader 
application of car sharing technology. This bill could potentially assist us in our efforts to convert our 
trash and recycling fleets, helping to lower our greenhouse gas emissions and improve air quality. 

Recycling (Title I, Subtitle E, Section 154) - In 2008, Philadelphia developed the largest single-stream 
recycling program on the east coast, offering weekly curbside service citywide. This simplified approach 
has already had a dramatic, positive impact on our recycling rate. The current collapse in the recycling 
market has not deterred us from pursuing the economic and environmental benefits from the program. 
In the last quarter of 2008, we were paid $44 per ton for our recycled material. Earlier this year we paid 
$32 per ton, we are now paying 33 cents per ton. While that is disappointing, it is important to note that 
paying $32 per ton is still cheaper than the $63 per ton we would have to pay to send the material to 
landfill. We hope that we will be able to utilize the State Recycling Program that is included in S 1733. 
However, we have also planned to utilize $708,000 of our EECBG funds and $300,000 in other leveraged 
funds to support an incentive-based recycling program which has a tremendous success in diverting 
waste from landfills while rewarding our constituents to recycle more. 

Taxis (Title I, Subtitle G, Sections 171-173) - We would also like to thank you for including language 
related to curbing greenhouse gas emissions from taxis in the bill. As you know, emissions from the 
transportation sector are a significant source of overall emissions for many cities. Giving local 
governments the ability to control emissions from transportation sources will go a long way to curbing 
overall emissions. 

io/of (Title I, Subtitle F, Section 161) - In 2008, we installed a new solar hot water system at our 
Riverside Correctional Facility after discovering that the boilers that provide hot water to the facility 
needed to be replaced. After calculating the payback, we decided to add a solar powered heat exchange 
system that will provide the primary source of hot water, using gas or oil just as a backup system. Forty- 
five Solar Panels were installed on the roof and they heat a materia! similar to antifreeze to 265° 
Fahrenheit. The heated solution is pumped through coils in well-insulated hot water tanks and the heat 
exchange produces hot water for bathing, laundry, and cleaning. The additional cost of the solar heating 
system is expected to pay for itself through lower energy costs in less than nine years. The system's 
designed lifespan is twenty-five years, which means for two-thirds of its expected life the system will 
provide hot water at zero energy cost. Over its useful life the solar system will save over $1 million 
dollars and reduce emissions by over one million pounds of C02. There is potential to develop and 
deploy solar at scale - we have acres and acres of public rooftops in Philadelphia, from schools to water 
treatment facilities, which could support similar installations. Long-term EECBG funding will help expand 
and provide some of the financial resources to help pay for these strategic investments. 
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Building and Housing Retrofits/Job Training /Title I, Subtitle F, Section 164 and Title ill. Subtitle A, Part 
1) - The City of Philadelphia currently spends $19 million annually on Housing Preservation and 
Weatherization, $11 million of which is supported by CDBG funds. Administered by the Philadelphia 
Housing Development Corporation, these funds may be used to provide traditional weatherization 
improvements, such as attic and wail insulation, window sealing and replacement, and upgraded 
heating equipment. In addition to basic systems repair, these funds also support emergency repairs and 
utility payments. The weatherization component of these programs support about 3600 projects per 
year and could be quickly scaled up with additional funding because the skills requirements for 
weatherization specialists are relatively easy to attain. 

An expanded building and retrofit program contained in this bill could become part of a pipeline to 
retool Philadelphia's workforce to meet growing demand in the private market for building retrofits, 
particularly in the home weatherization category. As increasing number of banks and energy service 
companies offer specialized loans to help homeowners make energy upgrades to their houses, new 
demand for these services is expected to create new positions for certified weatherization specialists 
within the next two years. A new job training program developed by the Energy Coordinating Agency 
(ECA) will certify new weatherization specialists.. Some of this training can be completed in as little as 
two weeks, allowing unemployed or underemployed Philadelphians to transition rapidly into a sector 
with tremendous opportunity. The total number of trainees, including auditors and installers and other 
related positions, is expected to be over 800 in the first two years of operation. 

It is very important to look at the ECA job training project and others in the national context of the 
growing, green collar jobs movement. Energy efficiency not only offsets more greenhouse gas emissions 
than renewables and alternative fuels, it generates significant numbers of domestic jobs. According to 
the American Council for an Energy-Efficient Economy (ACEEE), "In 2004, an estimated $300 billion, 60% 
of which was in the buildings sector, was invested in energy efficiency technologies and Infrastructure in 
the United States and those investments made us more productive, saved us money, and supported 1.6 
million jobs." 

The work of creating a ciean energy economy is very labor intensive. These new, green collar jobs 
require building science, carpentry, electrical, plumbing, sales, and communications skills. These jobs 
include: insulators, carpenters, heating technicians, energy auditors, and educators, as well as support 
services, sales, and manufacturing. The good news is that these jobs are a perfect fit for Philadelphia's 
workforce, and are not transferable overseas. Rather than being dead-end, minimum wage jobs, these 
are jobs with a bright future that provide access to a continuum of advancement and opportunity. 

For example, ECA hires high school graduates at a starting rate of $12/hour plus full benefits. The 
average salary of their weatherization field staff is $35-40, 000/year. Supervisors make more than that 
average. Salary increases and promotions are increasingly tied to training. For example, the Building 
Performance institute certification (an industry standard) translates into a salary increase. ECA is now in 
the process of having ait our inspectors, auditors and supervisors trained and supervised through BPi. 

Moreover, just as Weatherization offers an optimal starting place for entry into the labor market, it is 
also a rich field of opportunity for young companies. Philadelphia's Housing Development Corporation 
has structured its operations to accommodate small firms, and has had unparalleled success, particularly 
in providing growth opportunities for minority and women owned firms. This year, roughly half of the 
firms doing weatherization work for the City wilt be MWDBEs. Those firms will receive training and 
technical assistance to help them learn how to sell their energy efficiency skills as products on the 
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private market - the perfect mode! for small and MWDBE firms to find a foothold in the city's 
competitive construction marketplace. 

How large could such an effort be in Philadelphia? There are approximately 400,000 row homes in our 
city. Using the estimates cited above, we could raise the energy efficiency of, say, a quarter of these row 
homes by 20-30% (with insulation, air-sealing, cool roofs, and so on) by investing $2500 x 100,000, or 
$250 million, over two years. Under our current publicly funded weatherization program, a two-person 
team of auditors can first survey and later verify a typical project in two half-day sessions and a three- 
person crew can complete a typical project in one day. Thus, 250 projects would fully occupy five 
persons over the course of a year, and 50,000 projects would employ at least 1000 people full-time over 
the course of a year. 

At this point, let me emphasize the self-financing aspect of energy efficiency. The stream of savings 
means that an initial capitalization can be replenished and used to continue the work. The kind of 
weatherization proposed in the above example (Insulation, air sealing, cool roofs) typically has a simple 
payback of two to three years. In other words, the savings in reduced energy bills will exceed the 
upfront cost of the improvements in as little as two years, especially when combined with other 
incentives such as rebates from utilities and tax benefits. Homeowners would have no out-of-pocket 
costs for the improvements and use the energy savings to pay for improvements. After the payback 
period, homeowners would get to keep all of the savings from their lower energy bills. With a 
replenished fund, we could move on the next 100,000 homes. Under the scenario outlined here, we 
could weatherize every row home in Philadelphia in less than a decade, harvesting a huge return in 
reduced energy consumption and greenhouse gas emissions while saving our constituents money every 
year. 

Drinking Water Adaptation/Residential Water Efficiency (Title ill. Subpart D, Section 381) - 
Philadelphia's Green infrastructure Program -Through our "Green City Clean Waters" plan we propose 
to deploy green space as a public utility by placing thousands of new trees on city streets; increasing the 
amount of green open space; using pervious pavement on parking lots and playgrounds; building green 
roofs; and distributing rainwater collection barrels to homeowners. In addition, green infrastructure 
investments are much more sustainable when we consider their potential as an adaptive approach to 
climate change and sea level rise. Indeed, investing in new green infrastructure technologies make us 
more competitive. Green infrastructure demands investments in new green technologies and job skills. 
Estimates made for Philadelphia of the value of the environmental, social and direct economic benefits of 
green storm water infrastructure indicate that there is o dollor-for~doltar return on investment 

Green stormwater infrastructure creates jobs, which require no prior experience and are therefore 
suitable for individuals who might be otherwise unemployed or underemployed. These new jobs create 
a benefit to society in reduced poverty-related costs, in addition to the wages paid to the individual 
worker. The stabilizing and transforming effects of green stormwater infrastructure in neighborhoods 
further reinforce and support the benefits of providing employment to a population that is outside the 
labor force. 

As Philadelphia's green stormwater infrastructure program is implemented over the coming years 
(through the realization of green streets, green public facilities, green schools, etc.), we expect to see 
approximately 250 people employed in green jobs on an annual basis. Anticipated skills that will be 
demanded to support the green job economy include tree care, landscaping and expertise in native 
plants, landscaping design, infiltration testing, system monitoring, natural stream system design, 
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invasive plant removal - an array of skills that currently are not a core component of traditional 
stormwater infrastructure. 

The Philadelphia Water Department (PWD) is currently working with a number of partners, including the 
Sustainable Business Network, to begin defining skill curriculum and job training as we implement, 
maintain and monitor PWD's growing inventory of green Infrastructure. 

Here are a couple of examples of Philadelphia's green Infrastructure projects that could be started 
immediately, with adequate funding: 

Green Streets: A second scalable program (up to $2 million ready to go) is our Green Streets 
program that involves a variety of approaches for ail types of streets, from fairly simple strategies like 
increasing tree cover to more ambitious redesigns that include the use of vegetated sidewalk planters 
and bump-outs and underground infiltration areas developed in adjacent lands. Over time, this new 
"green standard" for city streets will touch every neighborhood in a city and result in a completely new 
urban form requiring $100s of millions in new investment. 

Green Corridors: A South Philadelphia main street, the West Passyunk Avenue Business Corridor 
is home to dozens of small businesses and tens of thousands of residents. We have a $6 million project 
ready to implement that would create 100 jobs by installing green sidewalks that are landscaped to 
manage storm water, improved new traffic signals to reduce air pollution caused by congestion, and 
new energy efficient street lights. This project is a triple win: creating construction jobs, rehabilitating 
infrastructure that serves small business, and improving air and water quality. 


Confronting Energy and Climate Challenges through Sustainable Metropolitan Mobility (Title 1) 

Let me now speak to energy and climate challenges from the transportation sector. Reducing 
dependence on foreign oil, reducing greenhouse gases, and rebuilding and modernizing our nation's 
transportation infrastructure are priorities for The U.S. Conference of Mayors. 

We will not be able to deal with our energy and climate challenges, without confronting this sector. 

The transportation sector -its systems and practices - has played a significant part In growing the 
nation's energy dependency on foreign energy supplies, principally petroleum, and in contributing to 
higher oil prices and other energy price increases. In 2007, 69 percent of the nation's total petroleum 
products were consumed in the transportation sector, with petroleum products powering more than 98 
percent of the nation's transportation mobility. 

As the world's largest energy consumer and largest greenhouse gas emitter, our nation cannot remain 
economically competitive with the world if we continue down this path. We are being left behind in this 
area by our world neighbors - from Germany to China - make deep investments in modern 
transportation systems. This means that going forward, all federally-assisted transportation investments 
must - as this legislation does - address energy and climate concerns, through needed shifts and reforms 
in federal policies and programs that emphasize sustainable transportation investments, led by 
increased investment in public transit, especially electric vehicles powered by sustainable sources, and 
intercity passenger rail. 

This led the Conference to enjoin Siemens and GlobeScan Incorporated to prepare a national study on 
sustainable metropolitan infrastructure, which included a survey of 140 cities in 40 states. This June 
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2009 report, The United States Conference of Mayors Metropolitan Infrastructure Sustainahility Study, 
assisted the Conference of Mayors in preparing Its sustainable transportation platform, Investing in 
Livable Cities to Meet 2 Century Transportation Challenges, in preparation forthe next federal surface 
transportation authorization, which is also under the jurisdiction of this Committee. 

An overriding finding of the report was that cities already recognize the importance of infrastructure 
decisions in helping combat climate change (76 percent) and a strong majority of cities (79 percent) 
agreed that current federal/state practices must be reformed to give their city greater decision-making 
power over infrastructure investments. Going forward, mayors, especially in our metropolitan areas, 
must be empowered to invest federal resources in sustainable transportation. 

A compelling local example can be found in Denver Mayor John Hickeniooper, who chairs the 
Conference Transportation Steering Committee. The mayor was honored this summer at our 
Providence Annual Meeting, winning our Mayors Climate Protection Award in the large city category for 
his leadership on rail transit development. Denver's FasTracks initiative is the largest single build-out of 
rail transit in the nation's history, leading to more than 100 miles of new rail transit service throughout 
the Denver metropolitan area. 

This Committee's support for transportation funding eligibilities in earlier TEA laws helped lay the 
groundwork for this massive initiative in an earlier project, named T-REX, where a rail transit line was 
built simultaneously with improvements to Interstates 25 and 225. The FasTracks program and the T- 
REX project further underscore the importance of your commitment to proceed towards reducing 
greenhouse gas emissions from transportation, principally through transit, and your upcoming debate 
on legislation renewing the SAFETEA-LU law. 

FasTracks will fundamentally redirect housing and development patterns in this vast and growing 
metropolitan area. When completed, this investment will reduce driving and congestion, curb oil 
dependency and greenhouse gas emissions and stimulate a host of related green-oriented investments 
and the thousands of green jobs that ultimately result from this initiative. 

In my own city, we have dense neighborhoods with sidewalks, off- and on-street bike lanes and a far- 
reaching public transportation system. We can easily walk, bike or ride transit throughout the city limits 
and beyond. This means that our residents spend less money on gasoline and other car expenses, and 
emit significantly less greenhouse gases each year than residents in the neighboring suburbs. All of this 
means that each year, Philadelphians emit 10.2 tons of carbon equivalents per capita versus a national 
average of 23,6 tons per capita, 

And this is only a start... 

j want to take a few moments to describe Philadelphia's ambitious steps to further reduce 
transportation related emissions as described in Greenworks Philadelphia, our city's sustainability plan. 
Philadelphia has already decreased its greenhouse emissions by nearly 10 percent from Its 1990 levels, 
but we recognize that we must do more. We aim to lower our emissions by 2015 to a targeted reduction 
of 20 percent below 1990 levels. 

Over the past five decades, Philadelphia lost jobs and residents. The pulls that caused people to leave 
our city and others like it were driven in part by government policies that valued highways over transit 
and new tract housing over older row homes. But, in recent years, Philadelphia has begun to witness a 
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rebirth, in many of our neighborhoods, people and jobs are moving in and private investments are being 
made. People again view our walkable neighborhoods and public transportation systems as assets to 
value and nurture. In June, i signed an executive order to formalize a policy that began when i took 
office: a complete streets approach to transportation. 

The Complete Streets policy applies to planning, designing, constructing, maintaining or operating 
transportation facilities including park roads, drives and paths. The order directs all City departments 
and agencies to: 

1. Give full consideration to the safety and convenience of all users of the transportation system, 
be they pedestrians, bicyclists, public transit users or motor vehicle drivers; 

2. Place a high priority on the safety of those traveling in the public right of way, and In particular 
the safety of children, the elderly, and persons with disabilities. 

The adoption of a Complete Streets policy builds on Philadelphia's history of being a great city for 
walking, biking and riding transit. I expect every City agency to incorporate this policy, constructing a 
future where it is easier than ever before to walk, bike or take transit. This will enable Philadelphia to 
really focus on becoming a more livable community. 

Although Philadelphia already enjoys a low per capita vehicle miles traveled rate, our goal of reducing 
miles driven by 10 percent per capita will lower transportation costs even more and bring quality of life 
benefits to residents. Philadelphia has the type of transit system that many progressive cities are trying 
to build and gives the city a competitive advantage. I want to recognize SEPTA’s efforts to increase 
transit ridership through further service and capital improvements and its movement to a new fare 
technology system. Transit Oriented Development investments supported by the City will also help 
induce more people to use public transit. Finally, the appointment of Philadelphia's first Bicycle and 
Pedestrian Coordinator will help grow the city's thriving bicycle culture as it seeks to create a city-wide 
trail network. 

Even as new sustainable transportation assets are created, the City must ensure that existing 
transportation infrastructure is in good repair and are deemed sustainable, 

My experience in Philadelphia is characteristic of so many cities and counties that are moving forward 
with these kinds of investments. However, as reported in the Conference's Sustainability Study, the 
single greatest infrastructure challenge - raised by three in five cities - is obtaining the funding to meet 
infrastructure needs. Steps must be taken through this legislation, and through the reauthorization of 
5AFETEA-LU, to invest in sustainable transportation. 

Conclusion 

In my statement, I have provided several examples of the energy and climate work underway in the City 
of Philadelphia. Mayors throughout this nation could similarly testify to their many efforts. All mayors 
know, and have seen firsthand, how these innovative practices and programs stimulate the economy, 
create jobs, and protect our environment. At the same time, we know that the potential to do more, 
including creating millions of new jobs, is vast and that we have only scratched the surface. 

We believe this legislation moves the nation forward to the goals of capturing this potential - a single 
action that will leave generations that follow with a safer, cleaner and more secure future. The time to 
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act is now. The Clean Energy Jobs and American Power Act you have developed is the right direction at 
the right time. 

i congratulate you, Chairman Boxer, and Members of this Committee for your hard work on this critically 
important legislation. As you move forward, and we encourage you to do so as expeditiously as possible, 
the nation's mayors will be supporting your efforts as you move to enact comprehensive energy and 
climate legislation during this Congress. Thank you for this opportunity to testify on behalf of the 
Conference of Mayors and the nation's mayors. 
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Answers from Philadelphia Mayor Michael Nutter 

Senator Bernard Sanders 

L We know in Vermont that energy efficiency has tremendous value, and even though 
Vermont is a leading state, Efficiency Vermont projects even greater efficiency savings 
in future years. Energy efficiency is a proven way to create jobs and save consumers 
money, while reducing emissions. Would you agree that this Committee should set 
flexible, cost-effective energy efficiency investment criteria for a portion of the allocation 
that is provided for free to electric LDC’s under this legislation, just as this legislation 
does for the natural gas allocation? 

Mayor Michael Nutter 

We recognize that LDC’s are affected differently under this legislation than natural gas 
providers. Having said that, it is hard to explain to the public why more rigorous criteria 
apply to natural gas companies, which are often less carbon intensive than electric 
LDC’s. We acknowledge that these LDC’s are affected by upstream requirements on 
generators, but for purposes of promoting some parity -- leading to increased energy 
efficiency and conservation — this area should be reviewed further to consider how 
electric LDC’s might be required to satisfy some threshold criteria in this area. 
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Answers from Philadelphia Mayor Michael Nutter 

Senator Aray Klobuchar 

i . In Minnesota, we tiave strong, consistent policies in place that have promoted the 
development of homegrown energy - from bioftiels, to biomass, to wind, solar, 
geothermal and hydro power. The reason we’ve had this success is that businesses know 
there will be demand for their products in the future and can plan to develop new 
products. On a federal level, this consistency has been lacking. As Secretary Chu said in 
his testimony yesterday, "On-again, off-again incentives will not drive the level of clean 
energy investment we need." Can you comment on this bill's ability to provide the 
private sector market certainty for homegrown energy projects and technologies? 

Mayor Michael Nutter 

A cap and trade system that predictably ratchets down carbon emission will provide a 
significant signal to the marketplace, as the increased deployment of renewable energy 
supplies and energy efficiency technologies will be needed to meet reduction targets. 
These long-term, clearly-established targets will allow companies to undertake 
investments to meet the increased demand for carbon-reducing energy products and 
systems. In addition to this broader framework, there are numerous other commitments in 
the pending legislation that will provide greater market certainty and demand for products 
and services. In my testimony, I talked about how the City of Philadelphia is using 
Energy Efficiency and Conservation Block Grant funds to support and leverage 
numerous local energy and climate initiatives that are all about homegrown energy 
projects and technologies. In most cases, these investments rely on contracts with private 
sector entities or public-private partnerships, as is the case for other cities and counties 
throughout the U.S. Under the legislation, the annua! commitment of EECBG resources, 
as S. 1733 provides, will also provide considerable and sustained impetus for increased 
demand for homegrown energy services and products. 
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Senator Boxer. Thank you so much, Mr. Mayor. 

Our next speaker is Kate Gordon, Senior Policy Advisor to the 
Apollo Alliance. 

Welcome. 

STATEMENT OF KATE GORDON, SENIOR ADVISOR, 
APOLLO ALLIANCE 

Ms. Gordon. Thank you. Chairman Boxer and members of the 
committee. Thanks so much for inviting me here today to talk 
about how a strong comprehensive energy and jobs bill can bolster 
the American economy, usher in a new era of sustainable growth 
and create millions of high quality jobs. 

After September 11th, this country faced a recession that we 
combated through unsustainable investments in financial paper 
and real estate. The next recession, the one we are in now, is much 
deeper and is hitting Americans much harder. Since December 
2007, the ranks of the unemployed have increased by over 7 million 
people and the unemployment rate now stands at close to 10 per- 
cent. 

While the investments made through the Recovery Act success- 
fully staved off deep economic crisis, the American economy is still 
in search of its next economic generator. The need for an economic 
strategy that keeps our workers in their jobs while creating a 
whole host of new, good jobs has never been so urgent. 

Clean energy investments are the key to America’s new sustain- 
able growth strategy. Despite inconsistent support from the Fed- 
eral Government, these industries have already proven themselves 
to be growth areas for the future. Investments in wind, solar photo- 
voltaic and biofuels grew by 50 percent between 2007 and 2008 and 
are expected to exceed $325 billion within a decade. 

Jobs in wind energy generation grew by 23 percent, solar genera- 
tion by 19 percent between 1998 and 2007, outpacing the 3.7 per- 
cent job growth in the rest of the U.S. economy experienced over 
the same period. But until the Federal Government truly commits 
to a low carbon future, investment and employment in these indus- 
tries will just never grow to the scale needed to truly drive an econ- 
omy-wide resurgence. 

While many of the pioneering renewable energy technologies 
were invented here, today American companies control only 6 of 
the world’s top 30 companies in solar, wind and advanced batteries. 
Our European and Asian competitors have moved aggressively to 
support renewable energy and in the process have developed great- 
er renewable capacity as well as stronger industrial growth. In fact, 
China’s leaders are investing $12.6 million an hour to green their 
economies. As David Sandalow, Assistant Secretary for Policy and 
International Affairs at the Energy Department recently put it, if 
they invest in 21st century technologies and we invest in 20th cen- 
tury technologies, they will win. 

Our clean tech industry is impressive, but by global standards 
we are playing in a garage band. And we must — and should — be- 
come Bruce Springsteen. 

By taking decisive action to limit and reduce climate pollution, 
the Clean Energy Jobs and American Power Act will send a clarion 
call through the world that America is ready to step up and take 
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action to curb climate change. It will also send the signal many of 
companies have been waiting for, that this country is serious about 
opening up vast new markets for clean energy investment. Where 
there is clean energy investment, clean energy jobs will follow. 

The Apollo Alliance has long made the case that investment in 
clean energy is not just good environmental policy, it is good eco- 
nomic development policy. Recent studies support these claims. 
Jobs in the clean energy economy have grown nearly 2 and half 
times faster than overall jobs in the economy. An analysis by the 
Center for American Progress and the Political Economy Research 
Institute found that an investment package combining the Recov- 
ery Act and House bill on climate would create a net 1.7 million 
new jobs in the economy. 

These employment opportunities, it is important to note, will be 
across all sectors of the economy and will provide a unique oppor- 
tunity to rebuild our middle class through job creation in sectors 
particularly hard hit by recent recessions. 

Fully 55 percent of all new jobs in these emerging industries are 
projected to be in the manufacturing and construction industries. 
These are industries that provide a living wage and high-quality 
jobs for the 68 percent of working Americans who do not have a 
4-year college degree. Jobs in manufacturing and construction are 
also more likely to serve middle-skill workers and are more likely 
to be unionized, providing higher wages, better benefits and greater 
access to job training. 

In addition to providing market certainty for clean energy invest- 
ments through predictably decreasing limit on carbon emissions, 
this bill makes important investments in expanding renewable 
power and energy efficiency projects, domestic manufacturing of ef- 
ficient vehicles, and green collar jobs programs. 

And my fellow panelists have said some important things about 
these provisions, and I would highlight some of the provisions that 
they talked about, particularly those that funnel money through 
State and local governments. We know that this is one of the best 
ways to stimulate the American economy. The bill contains the 
SEED accounts, the Energy Efficiency Conservation Block Grant 
Program, and the money for clean vehicles, which will provide 
needed incentives to scale up our industries to meet growing de- 
mand. 

We look forward to the coming weeks when there will be oppor- 
tunities to make this bill more comprehensive and to strengthen 
several of its critical provisions. I would particularly point to a cou- 
ple of areas. 

One, while the act includes important cost protections for energy 
intensive industries, it should also invest directly in thousands of 
other domestic manufacturing firms ideally placed to meet new 
clean energy technology demands. And Apollo has worked very 
hard on this issue, talked to hundreds of small manufacturing 
firms across the country who tell us they need investments to re- 
tool and become part of these industries. We encourage you to in- 
clude IMPACT and Senator Bingaman’s Restoring American Manu- 
facturing Leadership in this bill. 

We also applaud the Climate Change Worker Assistance Pro- 
gram — 
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Senator Boxer. Could I ask you to 

Ms. Gordon. Yes, I am almost done. 

And we would encourage you to also include community economic 
development provisions in that bill. 

As the committee considers this bill, please, we encourage you to 
put the American economy on the road to a stronger economy 
through investments in these clean energy and good jobs in Amer- 
ican workers. The path we are on now, it is important to note, is 
not working. It is leading to unemployment, environmental deg- 
radation and dependence on other countries. 

With your leadership, we know we are up to the challenge 

Senator Boxer. I am sorry. All right. Thank you. 

Ms. Gordon. Thank you so much. 

[The prepared statement of Ms. Gordon follows:] 
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Kate Gordon 

Senior Advisor, Apollo Alliance 
Remarks to U.S. Senate 
Committee on Environment and Public Works 
Wednesday, October 28, 2009 

Chairwoman Boxer and members of the committee, thank you for inviting me here today to talk 
about how a strong, comprehensive energy and jobs bill can bolster the American economy, 
usher in a new era of sustainable growth, and create millions of high quality jobs. 

This Congress has taken the critical need for a sustainable growth strategy seriously. In June, the 
House passed the American Clean Energy and Security Act, which uses a price and a cap on 
pollution as the centerpiece of a comprehensive climate and energy strategy, and sends a strong 
signal that America is ready to tackle global warming - and become a global leader in new 
technologies in the process. Here in the Senate, the Energy and Natural Resources Committee 
took the important step of passing the American Clean Energy Leadership Act, which has at its 
core the notion that our economic competitiveness and national security demand a significant 
shift to renewable power, and that our companies and consumers need support as they learn how 
to develop that power and use it more efficiently. That Act also created the Clean Energy 
Deployment Administration, a new green bank that will help overcome the financing barriers 
faced by entrepreneurial energy technology companies. 

And now it is this Committee’s turn, in perhaps the most important moment of the current 
climate and energy debate. I am honored to be here to discuss this critical piece of a 
comprehensive strategy to reduce climate emissions and create good jobs, the Clean Energy Jobs 
and American Power Act of 2009. 

America Needs a New Sustainable Economic Growth Strategy 

After September 11, 2001, this country faced a recession that we combated through 
unsustainable investments in financial paper and real estate. The next recession, the one we’re in 
now, is much deeper and is hitting Americans much harder. Since December 2007, the ranks of 
the unemployed have increased by over seven million people, and the unemployment rate now 
stands close to ten percent. While the investments made through the American Recovery and 
Reinvestment Act (ARRA) successfully staved off deep economic crisis, the American economy 
i.s still in search of its next economic generator. The need for an economic strategy that keeps 
our workers in their jobs while creating a whole host of new, good jobs has never been so urgent. 

The Apollo Alliance and our partners in the labor, environmental, social justice and busine.ss 
communities believe that in order to emerge from our current economic crisis, we must make a 
series of strategic, targeted sustainable investments to create these new, high quality jobs in the 
clean energy economy. 

Last fall, we released our New Apollo Program, a proposal for a comprehensive suite of federal 
investments to build the clean energy economy by leveraging America’s strengths, such as our 
can-do spirit, our industrial infrastructure, our skilled workforce, and our world-class educational 
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system. This program called for a federal investment of $500 billion over ten years to 
revolutionize how we produce and use energy - an investment that would create over 5 million 
new jobs. It also called for a cap and price to be put on carbon pollution. The Apollo Alliance 
was one of the first organizations to recognize early on that a market-based system to limit 
carbon emissions is an essential component of any comprehensive strategy to generate growth in 
the clean energy economy, because it creates new markets for low-carbon products while 
providing certainty for private investments into the renewable and energy efficiency industries. 

Despite inconsistent support from the federal government, these industries have already proven 
themselves to be grow'th areas for the future. Investments in w'ind, solar photovoltaic, and 
biofuels grew by 50 percent between 2007 and 2008 and are e.vpected to exceed $325 billion 
within a decade.' And, jobs wind energy generation grew by 23 percent and solar energy 
generation by 19 percent between 1998 and 2007, outpacing the 3,7 percent job growth in the 
rest of the U.S. economy experienced over the same period." 

Until the federal government truly commits to a low-carbon future, however, investment and 
employment in these industries will never grow to the scale needed to truly drive an economy- 
wide resurgence. While many of the pioneering renewable energy technologies were invented 
here, today American companies control only six of the world’s top 30 companies in solar, wind 
and advanced batteries.'" And since 1997, the U.S’s green trade balance has moved from a $14.4 
billion surplus to a deficit of nearly $9 billion last year."' Our European and Asian competitors 
have moved aggressively to support renewable energy and, in the process, have developed 
greater renewable capacity as well as stronger industry growth. In fact, China’s leaders are 
investing $12.6 million every hour to green their economy.'’ As David Sandalow, assistant 
secretary for policy and international affairs at the Energy Department recently put it, “if they 
invest in 21.st-century technologies and we invest in 20th-century technologies, they will win,"'’’ 

Our clean tech industry is impressive, but by global standards we are still playing in a garage 
band. We need to become Bruce Springsteen. The bill currently before you opens that door. 

Sustainable Growth Means Sustainable Jobs 

By taking decisive action to limit, and steadily reduce, climate pollution, the Clean Energy Jobs 
and American Power Act will send a clarion call throughout the world that America is ready to 
step up and take action to curb climate change. It will also send the signal many of our clean 
tech and clea.u manufacturing companies have been waiting for, that this country is serious about 
opening up vast new markets for clean energy investments. And where there is clean energy 
investment, clean energy jobs will follow. 

Since its founding in 2003, the Apollo Alliance has made the case that investment in clean 
energy is not just good environmental policy, but also good economic development policy. 
Recent studies support these claims; jobs in the clean energy economy have grown nearly two 
and a half times fa.ster than overall jobs in the economy between 1 998 and 2007.'" An analysis 
by the Center for American Progress and the Political Economy Research Institute found that an 
investment package combining the Recovery Act and the American Clean Energy and Security 
Act would create a net of 1,7 million new jobs in the U.S. economy.'"' 
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These employment opportunities will be across all sectors of the economy, and will provide a 
unique opportunity to rebuild the nation’s middle class through job creation in sectors 
particularly hard hit by the recessions. Fully 55% of all new jobs in the emerging renewable 
energy and efficiency industries are projected to be in the manufacturing and construction 
sectors, sectors that provide living wage, high quality jobs for the 68% of working Americans 
who lack four-year degrees.'* .lobs in manufacturing and construction are more likely to serve 
these middle-skill workers, and are more likely to be unionized, providing higher wages, better 
benefits and greater access to job training. * *‘ 

The Recovery Act served as an important down payment on the creating high quality jobs in the 
new energy economy, by investing more than .$100 billion in renewable energy development, 
transportation projects, energy efficiency and weatherization, technological research, and 
workforce training and education. The.se investments have already spurred new demand for 
efficient products, and for workers with the skills to make and install these products. 

Sunrise Solar in St. John, Indiana provides a perfect illustration of the power of clean energy 
investments to create real American jobs. Sunri.se Solar makes solar-powered attic fans, a 
technology that saves homeowners 30 percent on the cooling portion of their utility bill. It is a 
truly American business story: owner Bill Keith launched the business in 2003 out of his garage, 
and is now planning to open a second production facility next year. Sales have increa.sed, in part, 
due to a 30 percent tax credit included in the Recovery Act for the purchase of energy efficiency 
products. Sunrise Solar is creating good jobs, with decent pay and benefits, and because Bill 
uses local suppliers w'herever possible, his company also creates new jobs throughout the local 
economy. 

Sunrise Solar is one company. The Clean Energy Jobs and American Power Act has the 
potential to create tens of thousands of these companies, and millions of new jobs, across the 
country. These jobs will he obviously be supported by investments in the bill, but those public 
dollars are intended to drive a far greater number of private investments, which will ultimately 
provide the financial backbone for the new clean energy economy. 

The Clean Energy and American Power Act i.s a Critical Step Toward Sustainable Growth 

In addition to providing market certainty for clean energy investments through a predictably 
decreasing limit on carbon emissions, the bill also makes important investments in expanding 
renewable power and energy efficiency projects, domestic manufacturing of efficient vehicles, 
and green-collar job training programs. 

We know that the best way to stimulate the American economy is to funnel public money 
through state and local governments, which have the best sense of their own economic growth 
potential and investment opportunities. The Clean Energy Jobs Act provides significant and 
sustained funding to states to invest in renewable energy and energy efficiency through the State 
Energy and Environment Development (SEED) accounts. Across the country, we have already 
seen state-level clean energy investments generate signifiamt employment opportunities. For 
instance, a 33,000-acre wind farm developed by Ohio-based Vision Energy will need 300 
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construction workers over a 12-month period and eventually will hire 30 to 40 full-time, highly 
trained technical employees. To respond to the need for trained wind turbine installer.s and 
technicians, Kankakee Community College in Illinois is working with the local Workforce 
investment Board and the wind project developer to develop a training curriculum to prepare 
local residents for the new employment opportunities. 

The Clean Energy Jobs Act provides continued and direct funding for the Energy Efficiency and 
Conservation Block Grant program, while also guaranteeing a share of state funding for the 
Retrofit for Energy and Environmental Performance program. Efficiency programs being 
administered nationwide are driving innovative programs at the local level which save 
con.sumers money while reducing energy use. The city of Chicago is already using a portion of 
its Energy Efficiency Community Block Grant funding to experiment with a model that tackles 
one of the toughest program design challenges in building energy efficiency: including low- 
income renters. The program has promoted collaboration between community lenders and 
energy service companies to provide low income renters with energy efficiency services, while 
also leveraging private resources. ™ 


The Clean Energy Jobs Act focuses not only on the electricity sector, but on the transportation 
sector as well. The Act provides funding for the transit vehicles and infrastructure, and for the 
next-generation vehicles, that are necessary to reduce our reliance on foreign oil and address the 
30 percent of total greenhouse gas emissions generated by the transportation sector. The Clean 
Energy Jobs Act creates a new allocation program which directs funding to states, transit 
agencies, and metropolitan planning organizations to fund transportation projects that reduce 
greenhouse gas emissions. These projects create jobs; transit projects tend to generate nine 
percent more jobs per dollar spent than road and bridge repair and maintenance projects, and 
nearly 19 percent more jobs than new road or bridge projects.*'” When done at scale, these 
projects often create union jobs lhat pay family-supporting wages and benefits. Importantly, the 
bill does not look only at transportation operations and installation; it also helps to fund 
American vehicle manufacturing. The Clean Vehicle Technology Fund would bolster the 
domestic development and manufacture of light- and heavy-duty plug-in electric vehicles. 
Investments in the vehicle batteries through the Recovery Act have already proven to be 
significant job creation engines. Advanced battery technology grants to 1 1 companies in 
Michigan are expected to create 6,800 new jobs in the next 18 months and up to 40,000 jobs over 
the next 1 1 years.*”' 

And, the Clean Energy Jobs Act recognizes that our workforce is the backbone of the clean 
energy economy, by investing in green jobs training programs to ensure that workers are 
prepared for new and higher-skilled jobs in the electricity, energy, retrofitting, and transportation 
sectors. As states and cities continue to experiment with new methods of providing energy 
efficiency seivices to homeowners, the need for high-quality trained workers continues to grow, 
in Portland, Oregon, Oregon .Apollo chair and AFL-CIO Secretary-Treasurer Barbara Byrd 
worked with Green For All and the city of Portland in facilitating a process involving dozens of 
stakeholders from a diverse set of interests including labor, business, utilities, and the community 
that resulted in an innovative community workforce agreement, it will ensure that contractors 
participating in Portland’s innovative Clean Energy Works program utilize workers from job 
training programs. This provision ensures that qualified, historically underrepresented 
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contractors and workers benefit from the thousands of high-quality, family-supporting jobs 
created by this program, and underscores the need for a stronger workforce training 
infrastructure for the green economy nationwide. The Clean Energy Jobs and American Pow'er 
Act e.xpands total funding lor provisions of the Green Jobs Act and extends the investment for an 
additional two years. 

Turning the Clean Energy Jobs and American Power Act into a truly Comprehensive 
Energy and Climate Program for America 

While we truly applaud the efforts of Senators Kerry and Boxer in advancing this bill, there are 
also areas where we feel the bill could be strengthened if it is to fully capture the potential of the 
clean energy economy. 

First, while the Clean Energy Jobs Act includes important cost protections for energy intensive 
industries and targeted investment in clean vehicle manufacturing, it should also invest directly 
in the thousands of other domestic manufacturing firms ideally placed to meet new clean and 
efficient energy technology demands. Currently, America imports more than 70 percent of clean 
energy components, at the same time that our heartland states are hemorrhaging manufacturing 
jobs. As this committee moves forward to work with others on a comprehensive energy and 
climate strategy, we encourage you to look to some of the important provision.s to invest in 
American manufacturing contained in other Senate legislative proposals and bills, including 
Senator Brown’s Investments for Manufacturing Progress and Clean Technology Act 
(IMPACT), and Senator Bingaman’s Restoring America's Manufacturing latadership through 
Energy Efficiency Act. The programs in these bills, including financing for small and medium 
.sized manufacturers to retool, retain workers, and become more energy efficient themselves, are 
vital components to ensuring that the clean energy products demanded by the new energy 
economy can be made in America, 

Second, while the bill increases investment in renewable energy and energy efficiency, your 
committee could not, for jurisdictional reasons, incorporate the renewable electricity and energy 
efficiency standards contained in the Energy and Natural Resources Committee’s American 
Clean Energy Leadership Act. As the bill moves forward, we encourage Committee members to 
work closely with other committees incorporate a strong renewable energy standard into the 
legislation. These important standard.s are key components to ensuring continued deployment Of 
renewable energy and energy efficient systems, as well as creating jobs in the construction and 
manufacturing sectors. In the New Apollo Program, the Apollo Alliance and its partners called 
for producing a quarter of the nation’s power through renewable and recycled energy resources. 
Under a national RES of 25% by 2025, the Renewable Energy Policy Project projects that there 
could be more than 850,000 new manufacturing job opportunities in existing component parts 
firms across the U.S.*'' 

In addition to setting strong national goals for renewable energy generation and conservation 
through efficiency, the Committee should consider two other provisions which would guarantee 
further investment into efficiency. First, the Senate should require that at least one-third of 
allowances allocated to local distribution companies (LDCs) arc used to specifically support 
energy efficiency projects, and should target these efficiency efforts toward low-income 
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consumers who most need the resulting reductions in their electricity bills. Also, the Senate 
should strengthen the building codes provision by specifying target energy use reductions of at 
least 30 percent by 2010, as contained in both ENR’s American Clean Energy latader.ship Act 
and in the House climate bill.”' 

Finally, we applaud the inclusion of the Climate Change Worker Assistance program to help 
transition workers in carbon-intensive industries, but urge you to go further by providing 
economic development assistance for those communities that are currently dependent on those 
industries. While change will not come overnight, the fact is that, as the EPA said in its analysis 
of your legislation last Friday, “[T]he cap-and-trade policies outlined [here] would transform the 
way the United Stales produces and u.ses energy.”[i] Every time America has experienced a 
similar major economic shift, we have recognized the need to lend a helping hand to those who 
may be negatively affected. When soldiers came back from World War II and re-entered the 
economy, we passed the GI Bill to help them transition into civilian life. Recognizing that 
individual worker assistance is only part of the solution, the American Recovery and 
Reinvestment Act added community economic development to the Trade Adjustment Assistance 
program. Similarly, we must help communities that are dependent on carbon-intensive industries 
to develop comprehensive strategic plans for community redevelopment, which will help ease 
the transition from their reliance on carbon intensive industries, diversify their employment 
opportunities, and provide needed support for environmental remediation and public 
infrastructure construction projects. 

As (he committee considers the .'American Clean Energy Jobs and American Power Act of 2009, 
we encourage you to put the American economy on the road to a stronger economy through 
investments in clean energy, good jobs, and American workers. The path we are on now is not 
working - it is leading to unemployment, environmental degradation, and dependence on other 
countries for our carbon-intensive and low-carbon energy resources. In a time of unparalleled 
economic uncertainty, we a.sk committee members and members of the broader Senate to choose 
a different path, and choose it now. 

With your leadership, we know this country i.s up for the challenge. Ix't's take this garage band 
out on the road. 

Thank you. 
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MEMORANDUM 


Date; October 29, 2009 
To: Sen. Bernard Sanders 

CC; Hon. Barbara Boxer, Chairman, and Hon. James Inhofe, Ranking Member, Senate Environment 

and Public Works Committee 

From; Kate Gordon, Apollo Alliance 

RE; Question regarding allocations for energy efficiency 

In response to the following question regarding allocations for energy efficiency: 

"We know in Vermont that energy efficiency has tremendous value, and even though Vermont 
is a leading state. Efficiency Vermont projects even greater efficiency savings in future years. 
Energy efficiency is a proven way to create Jobs and save consumers money, while reducing 
emissions. Would you agree that this committee should set flexible, cost-effective energy 
efficiency investment criteria for a portion of the allocation that is provided for free to electric 
IDCs under this legislation, just as this legislation does for the natural gas allocation?" 

The Apollo Alliance has always supported large-scale investments in energy efficiency. Making our 
homes and buildings more efficient represents the 'low-hanging fruit' in reducing carbon emissions - 
with support for programs like Efficiency Vermont that seek to reduce energy consumption across all 
sectors of the state's economy, we can create high-quality jobs, save homeowners and businesses 
money, and make significant and immediate reductions in carbon emissions 

We applaud the Committee's inclusion of a requirement that no less than one third of allowance 
allocations for natural gas consumer be used for energy efficiency programs. Recently, the Apollo 
Alliance joined a number of national organizations in calling for one-third of total allocations to electric 
utility LDCs to be dedicated to energy efficiency investments as well. Implementing such a requirement 
would result in over $100 billion of new investment in energy efficiency and create more than 900,000 
new construction and energy services jobs by 2020. ‘ 


* Green For All. "Learn More: 1 Million Clean Energy Jobs, Not Utility Give Aways". 
http://www.gree nfQrall.org/what-we-do/workine-with-washineton/american-clean-enerEv-and-securitv- 
act/more-information-about-the-electric-utili tv-amendment 
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Date: October 29, 2009 
To: Sen. Amy Klobuchar 

CC: Hon. Barbara Boxer, Chairman, and Hon. James Inhofe, Ranking Member, Senate Environment 
and Public Works Committee 
From; Kate Sordon, Apollo Alliance 

RE: Questions regarding market certainty for energy projects and the role of Renewable Energy 
Standards 

In response to the following question regarding market certainty for energy projects: 

"In Minnesota, we have strong, consistent policies in place that have promoted the 
development of homegrown energy - from biofuels, to biomass, to wind, solar, geothermal, and 
hydropower. The reason we've had this success is that businesses know there will be demand 
for their products in the future and can plan to develop new products. On a federal level, this 
consistency has been lacking. As Secretary Chu said in his testimony yesterday, "On-again, off- 
agaln incentives will not drive the level of clean energy investment we need." Can you comment 
on the bill's ability to provide the private sector market certainty for homegrown energy 
projects and technologies?" 

The Apollo Alliance is a strong supporter of both public and private sector investment In renewable 
energy technologies and projects. We applaud Minnesota's innovation and commitment to expanding 
the state's renewable energy resources, particularly the state's strong Renewable Portfolio Standard 
combined with loans and incentives for investment in renewable energy. We agree that consistent 
incentives which apply to a broad range of technologies and project sponsors are vital tools for 
stimulating private investment in both small and large-scale renewable energy projects. 

By placing a cap on carbon emissions, the current draft climate bill creates a significant incentive to 
invest in both energy efficiency and renewable energy projects and technologies. This cap, decreasing 
at an established pace, provides certainty that the market for clean energy technologies will continue to 
expand. Placing a price on carbon, and auctioning allowances, also generates an important source of 
revenue which can and should be invested in research and development, energy efficiency, and 
renewable energy generation, among others. These investments will stimulate demand for clean energy 
products and components, providing further opportunities for domestic firms that produce, install, and 
maintain renewable energy systems. 
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However, the current draft of the bill could go further in creating certainty in the market for clean 
energy investment. In addition the cap on pollution, the Apollo Alliance strongly supports the 
integration of a Renewable Energy Standard into the Clean Energy Jobs Act, such as the proposal 
integrated into the American Clean Energy Leadership Act. 

In addition, we strongly support investments in the clean domestic manufacturing sector to ensure that 
the renewable energy systems demanded by the new energy economy are made here. Currently, over 
70 percent of ail renewable energy systems are manufactured overseas. Through strategic investments 
in manufacturing efficiency and retooling, such as the provisions contained in Investments for 
Manufacturing Progress and Clean Technology Act (S.1617), and the Restoring America's Manufacturing 
Leadership through Energy Efficiency Act (S.G61), we help reverse this trend and ensure our investments 
in help to create jobs in the domestic manufacturing sector. 

In response to the following question regarding the role of Renewable Energy Standards: 

"Ms. Gordon, in your testimony you mention that under a national RES of 25% by 2025, there 
could be more than 850,000 new manufacturing Job opportunities in existing parts firms across 
the U.S. Can you expand on the role of a renewable energy standard in an energy and climate 
change bill? How will the RES complement the pollution reduction and Investment 
mechanism?" 

In The New Apollo Program, the Apollo Alliance calls for a national Renewable Energy Standard of 25% 
by 2025, combined with a mechanism that places a cap on carbon and auctions allowances to generate 
revenue that can be invested in clean energy. While a pollution reduction and investment mechanism 
as detailed in the Senate draft climate bill will effectively reduce emissions and stimulate a shift toward 
cleaner and more efficient energy and industrial technologies, it must be combined with a strong 
Renewable Energy Standard that will stimulate specific investment in renewable technologies like wind, 
solar, geothermal, and biomass, among others. Establishing this standard specifically directs both those 
emitters covered by the pollution reduction requirement, and those that are not, to develop and expand 
renewable energy resources sufficient to meet a significant portion of our current and future energy 
needs. 
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Senator Boxer. Thank you. 

And now, that completes the Democratic witnesses. And now we 
have the Republican witnesses. 

The first one is Bill, I want to make sure I pronounce it right, 
Mr. Klesse. 

Mr. Klesse. Klesse. 

Senator Boxer. Klesse. Bill Klesse, Chairman and CEO of Valero 
Energy Corporation. 

Welcome, sir. 

STATEMENT OF BILL KLESSE, CHIEF EXECUTIVE OFFICER, 
PRESIDENT, AND CHAIRMAN, VALERO ENERGY CORPORATION 

Mr. Klesse. Thank you. Madam Chairman, Senator Inhofe and 
other committee members. I am honored to be here today 

Senator Boxer. Is your microphone on, sir? 

Mr. Klesse. Yes. Representing an independent refiner, Valero 
Energy Corporation. And also, I come before you as the Chairman 
of the National Petrochemical & Refiners Association, which rep- 
resents over 450 businesses that make reliable and diverse prod- 
ucts for all Americans. 

The implications of this legislation are devastating for the Amer- 
ican people and for the American refining and petrochemical indus- 
tries. One of our chief concerns is that this legislation provides for- 
eign refiners and petrochemical operations a competitive advantage 
to American businesses. 

You must remember that we are a global business. India, China, 
Europe and other countries provide intense competition to Amer- 
ican refiners. With the recession, increasing regulation and now the 
potential costs associated with this legislation, results are dev- 
astating, not only to our businesses, but to the millions of Ameri- 
cans who work in or around this industry. 

Today, refiners and petrochemical plants are idling units, closing 
facilities, hundreds of jobs are being lost. This legislation will force 
U.S. refiners to further reduce or close even more operations. It is 
entirely counterproductive to lifting our economy out of this reces- 
sion, and it will drive refining production to other countries. 

In addition to exporting one of the last great American manufac- 
turing sectors that is globally competitive, you will simply be trans- 
ferring the carbon dioxide emissions overseas, making the overall 
impact on the environment negligible or even worse. 

Are we a country willing to ruin the American industry that lit- 
erally fuels our economy? The legislation has nothing to do with 
national energy security. In fact, given the negative effect this leg- 
islation would have on our industry, we are actually talking about 
a threat. America’s safety is threatened by increased imports of re- 
fined products and the Pentagon’s ultimate reliance on military 
fuels produced in unstable regions of the world. 

As to the consumer, this legislation will impose huge new costs. 
Close to 3 million tons of CO 2 are emitted each year transporting 
people and goods across our great Nation. Even at a low carbon 
price of $20 per ton, the refining sector will have to purchase $63 
billion in carbon credits every year. In addition to placing an un- 
manageable financial strain for cash on refiners, consumers will 
feel much of this burden in the form of higher fuel costs. 
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We all desire a broad menu of safe, reliable, low cost fuels. To- 
day’s vehicles operate primarily on traditional gasoline and diesel 
fuel. Emerging technologies will be part of the fuel mix, but are 
still years away from commercial viability and affordability. 

This legislation attempts to raise all product prices so that other 
less economic products look better to the consumer. Is this really 
fair to the American consumer or to our industry? As diesel fuel 
prices increase, what happens to the jobs in railroads and trucking? 

The NPRA is not opposed to energy policies that promote alter- 
native fuels. We support a balanced and realistic energy policy 
rooted in true fuel diversity. We must invest in future technologies, 
but not at the expense of the economic fuels that we have today. 

My company has a 50-megawatt wind farm in the Texas Pan- 
handle next to our refinery. We are also very active in the ethanol 
business. We support programs that include meaningful global par- 
ticipation and ensure that the U.S. can continue to compete in the 
global markets. We support a national program with realistic car- 
bon emissions. However, policies should not pick winners and los- 
ers. 

We support the actions of this committee. The adverse impacts 
of the proposed legislation to our workers are staggering. Valero re- 
finery employees live in your State, Chairman Boxer, Senator 
Inhofe, and other members of this committee, Delaware, New Jer- 
sey, Tennessee and Louisiana. These are real people. Many did not 
graduate from college, instead learned a critical skill. They work 
hard. These are people with families. They educate their kids, they 
pay taxes, they have good health benefits and solid retirement. 
They are the heart of the country. They are the middle class. We 
are in favor of green jobs, but not at the expense of the heartland 
red, white and blue jobs. 

Valero and the NPRA and its members are ready to work with 
you and to create a policy that will protect the interests of the 
American consumer, preserve good paying jobs, enhance U.S. com- 
petitiveness in the world and achieve a desired environmental ob- 
jective. 

Thank you. 

[The prepared statement of Mr. Klesse follows:] 
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Introduction 

Good morning. Madam Chair and Senator Inhofe. My name is Bill Klesse, and I am the 
Chief Executive Officer, President and Chairman of Valero Energy Cotporation, an independent 
refiner based in San Antonio, Texas. Valero has 22,000 employees, 5,800 branded marketing site,s 
and 1 6 refineries in the United States, Canada and the Caribbean with a combined capacity of 3 
million bairels per day (BPD). Valero is also a leader in alternative fuels and energy. We have 
seven ethanol plants in the Midwest with a combined capacity of 780 million gallons per year, a 50- 
megawatt wind farm in the Tcxa.s Panhandle, and seed inve.stments in next-generation ethanol and 
biodiesel. 

In addition to my role at Valero, 1 come before the committee today in my capacify as 
Chairman of NPRA, the National Petrochemical & Refiners Association, which represents more 
than 450 businesses that provide Americans with a reliable and diverse supply of products and 
sendees used daily at home, at work and at play. These products include gasoline, diesel fuel, home 
heating oil, jet fuel, lubricants and the chemicals that serve as “building blocks” in manufacturing. 
We make the products that get people to work, that enable us to trade our goods and services, and 
that provide critical building blocks for pharmaceuticals. What we produce enhances every 
American’s quality of life. 

NPRA and I appreciate the opportunity to offer our perspective on S. 1 733, the “Clean 
Energy Jobs and American Power Act.” As you and your colleagues understand, the implications 
of this legislation are far-reaching. Through my testimony today. I hope to convey to the 
committee, and more broadly to the American public, what these implications could mean for 
decades to come. 
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At stake are millions of American jobs, our national energy security, and the health of our 
economy. In the midst of a severe recession and fears of a jobless recovery, we must stay focused 
on these three concerns, particularly in the face of a competitive global marketplace that quickly 
could compromise our nation’s stronghold in the energy industry. 

Today’s Challenges 

Before outlining our perspective on pending cap-and-trade legislation. I’d like to summarize 
briefly the cuirent situation for domestic refiners. 

As the members of this committee know, we already live in a carbon-restricted economy. 
Witness the impact the recession is having on emissions and domestic energy production. EIA 
Administrator Richard Newell said recently that “[sjeverat factors contribute to a projected 
reduction of nearly 6 percent in U.S. carbon dioxide emissions from fossil fuel use in 2009, 
primarily associated with the economic downturn.”' 

The Energy Policy Research Foundation reported this month that even before domestic 
refiners face rising costs from carbon emissions, they will face a higher cost structure and rising 
intemat ional competition that threatens 2 million of the current 1 7.5 million barrels a day of 
domestic operable capacity with permanent closure. 

This impact is already being felt today. One large independent refiner has announced that it 
will idle a New Jersey refinery while it weathers a decline in transportation fuel demand, resulting 
in more than 500 jobs lost. Meanwhile, Valero has been forced to close our facility in Aruba, idle 
units in Delaware, and reduce jobs in New Jersey and elsewhere within our company. All are 
casualties of the recession and a domestic policy agenda that leaves refiners at a distinct 
disadvantage. 


' 1 imolhy Gardner aiid Jim Marshall, “U.S. 2009 carfwn emissions to fell 5.9 percent; EIA,” Reute rs. October 6, 2009 
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The objective of tliis Congress and the Administration should be to seek «civ means for 
reducing emissions without causing harm to the domestic economy. The approaches being 
discussed in Washington are entirely counterproductive to lifting our economy out of the recession, 
reducing the staggering national unemployment rate, and even reducing global greenhouse gas 
emissions. S. 1733, like its House companion, H.R. 2454, would only exacerbate our current 
challenges by forcing U.S refiners to further reduce or even close operations in the face of rising 
costs and unrealistic emissions reduction targets. 

For example, the direct impact to Valero refineries will be staggering, even with a price for 
carbon at $20 a metric ton - the low end of the projected range. For our stationary source 
emissions alone, the cost at our Delaware City refinery would be an additional $40-$8() miliion a 
year ... at Benicia. California, an additional $30-$60 million annually ... at Corpus Christi, Texas, 
$4.5-$92 million a year. In addition to these stationary emissions costs, both the House and Senate 
bills hold refiners accountable for emissions from our fuel products after they reach our consumers’ 
hands. For Valero alone, these consumer emi.ssions equate to 300 million metric tons per year. At 
$20 a ton, that’.s an additional $6 billion a year. 

Industiywidc, we estimate the compliance cost for process emissions, with carbon at $20 a 
ton, to be $4.1 billion a year, and the cost of consumer emissions to be $63 billion a year, for a total 
co,st to domestic refiners — and potentially consumers — of more than $67 billion a year. 

S. 1733 will drive domestic gasoline and diesel production offshore, resulting in lost jobs for 
American workers and the outsourcing of our nation’s energy security to regions of the world that 
do not follow such stringent environmental protections. Simply put, this legislation will export 
carbon dioxide emissions to other countries and take with it American jobs. For that reason, among 
others, we oppose both bills in their current forms. 
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Valero is an independent refiner, which means we do not have oil exploration and 
production. Valero buys all of its oil on the open market. Therefore, Valero’s profit is determined 
by the difference between what it pays for the oil and the price the market sets for the finished 
product - a margin that historically has hovered around 25 cents a gallon. The 25 cents a gallon 
margin gets compressed when demand falls, or when more supply enters the market. The margin is 
also reduced when refiners must invest in regulatory and enviromnental compliance costs not 
incurred by our international competitors. 

To give you an idea, Valero has reinvested approximately S8.2 billion to enhance and 
upgrade our refineries in the past three years. Since 1997, we have re-invested $3.5 billion on 
regulatory and environmental compliance. To comply with regulatory and fuel specifications, we 
expect to spend another $1.4 billion through the end of 2010. Given the significant reinvestment 
required to comply with additional requirements enacted each year, Congress and the 
Administration must consider and mitigate the impact on not only supply and cost, but on the 
domestic refining industiy’s ability to remain viable, much less profitable. 

1 here is an assumption that because importers of refined products would also have to 
purchase carbon emission allowances, the rising production costs faced by U.S. refiners could be 
absorbed by the cost increases at refinery plants. However, according to the Energy Policy 
Research Foundation, the large volume of low-cost refining capacity worldwide, rising legacy 
environmental and biofuels costs, corporate tax policies, and demand reductions from rising fuel 
prices would further reduce U.S. operating capacity by an additional 2 million bands per day. 
Direct and itidii'cct employment losses would range from 40,000 to 350,000 American workers 
across the forecast period. 

Refiners Support the Creation of American Jobs 
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So with all of the choices before you, it is important to spell out what America’s domestic 
refining industry does support. First, we support the creation and retention of sustainable and W'ell- 
paying American jobs. My company, Valero, was ranked No. 10 on Fortune magazine’s list of the 
“1 00 Best Companies to Work For” in America in 2008, Every day, Valero’s thousands of 
dedicated employees contribute individually to the quality and reliability goals that are at the core of 
our coiporate philosophy. Our employees, many of whom are union members, are our most 
important and best asset. They also provide immense value to each of their coramimities through 
tremendous volunteer service - nearly ! 50,000 hours in 2008 alone. 

The adverse impact of cap-and- trade legislation on these workers will be staggering. Valero 
refinery employees live in your state Senator Boxer and Senator Inhofe, and in the states of other 
members of the Committee Ifom Delaware, New Jersey, Tennessee and Louisiana. These are real 
people, many who did not graduate from college, but instead learned a critical trade, and work hard 
every day. These workers have good health care benefits and are able to save for retirement. These 
workers have the opportunity to raise a family, buy a home, take a vacation, .send their kids to 
college, and live the American dream. 

Keep these workers in mind as you consider cap-and-trade legislation. As the Congressional 
Budget Office (CBO) stated in its September 2009 report, cap-and-trade legislation such as H.R. 
2454 will “reduce economic activity through a number of different channels.”^ Two weeks ago, 
before the Senate Energy and Natural Resources Committee, CBO Director Douglas Elmendorf 
expanded on this point, specifically regarding the refining and petrochemical sector, stating, “[t]he 
industries that produce carbon-based energy — coal mining, oil and gas extraction, and petroleum 
refining - would probably suffer significant employment losses over time . . . Among (energy 
intensive) industries, employment los.scs in chemicals and transportation sei-vices could be relatively 

■ Congrcssimral Budget Offio:, IMjMmmimkelselMskUmJilSMMSLSns^^ September Ifm. p. 12 
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large.” Mr. Elmendorf also stated that displaced workers will not likely find new jobs quickly, and 
that “[t]he fact that jobs turn up somewhere else for some people does not mean that there aren't 
substantial costs borne by people, communities (and) firms in affected industries and afiected 
areas.”^ Other analyses have shown that significant job loss will occur as a result of cap-and-trade 
legislation. One examination of H.R. 2454 projects job losses of 1.8 million to 2.4 million."* 

Projected job losses and adverse economic consequences have been too readily dismissed 
throughout the climate change legislative debate. Amid concerns over a jobless recovery, we can 
hardly afford to dismiss the potential economic harm of pending cap-and-trade legislation. The 
concept of “green jobs” has been promoted as an employment safety net to assist those workers who 
will lose their jobs. But we must question whether the quantity and quality of these jobs is enough 
to replace existing jobs that will be lost under proposals like H.R. 2454. Policymakers also must 
consider whether it is fair to ask a 1 5- or 20-year refining veteran with a strong career track to seek 
re-training in another sector that may not offer comparable salaries and benefits - a path that would 
clearly impact his or her lifestyle and that of his or her family. 

Lawmakers also must look cautiously at policies trying to engineer job replacement. One 
study examining Spain’s attempt to create “green jobs” has found that at least 2.2 other jobs were 
lost for every “green job” created. That study projects that if the United States attempted to follow 
Spain’s lead, 6.6 to 1 1 million American jobs would be lost.’ 

Let me be clear: I am not suggesting that NPRA or Valero is opposed to the creation of 
“green” or any other jobs. On the contrary, with national unemployment nearing 1 0 percent, we 
simply want policymakers to first preserve existing jobs and then look for ways to create new 
opportunities for the American work force. 

^ i)ougias W . \ Jini;ndi»rf, Icstjmgny, United States Senate Committee on Eneigy and Natural Resouiccs, Oetober 14, 2(K.)9 
' N itd-nti \sMh 1 lUon of Manufacturers/AinCTican Council for Capital Fomiation, Economic Imnaci od h' Waxman-Markev American Clean Fnersv 

a'i(i_St._ w in Ur Vugiist 12, 2009 ' ^ 

( ol ada VKarez Ph.D., “Study of the l-fTects on Employment of Public Aid to Renewable Energy Sources," Univeraidad Rev Juan Cailos 
March 2009 
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Refiners Support Consumers’ Fuel Choices, Reliability and Affordability- 

Let me turn to ts'liat this al! means for the American consumer. To put it bluntly, what is bad 

for business is bad for the consumer. Cap-and-trade legislation will ultimately impose large, new' 

costs on any user of gasoline and diesel - from individual motorists and families to farmers, 

businesses and truckers. Driving in the United States is not seen as a luxury or a pri vi lege. To the 

average .American, it is a necessity, and a truly integral part of our economy. 

Consumers deseive a broad and diverse menu of safe and reliable fuels. Today, Americans 

can take advantage of a diverse array of fuels to power vehicles for personal, business or 

recreational use. Today’s vehicles operate primarily on traditional and proven gasoline and diesel, 

while emerging technologies such as smaller, more efficient batteries for hybrids and advanced 

fonns of biofuels are still years, if not decades, away from commercial viability and affordability 

for the average American. 

Refiners Support Enhanced Energy Security 

One of our chief concerns with S. 1733 and its House companion, H.R. 2454, is the distinct 

competitive advantage both hills provide foreign refiners and producers, which, in many cases, are 

state-owned entities. The percentage of refined product imports in our nation’s fuel supply has 

consistently increased over the past decade, rising from two percent of the market in the year 2000 

to more than 10 percent in recent years.* An August 24, 2009 UPl article shows the extent of 

foreign refiners’ plans for our markets and needs: 

Asia ha.s been importing refined oil products like gasoline and diesel from the 'West for 
decades to keep the wheels of its economies rolling. But the tables may be turning as tlie 
region’s tw'o largest economies, India and China, aggressively pursue capabilities to refine 
imported crude on their own, not only for local use hut also for export. Experts say that India 
and China could provide intense competition on the global market to refinenes in North 
America and Europe, which could suffer losses and eventually close down. ' 


•' I'licrev Policy Research FoiUKiatioil Higher Oil and Gas Taxa Pose a Ureal ta V.S. Ena-uvSecurily?. .VllgrisU, 2009, p. 22 

' Inciralit "Asian oil exports threaten li.S. reiitieries,” L|Pi> August 24, 2009 
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India, China and Europe are moving quickly to tM'get our markets. According to a May 1 8, 2009 
Bloomberg stor>': 

“Europe will export to the U.S. as much gasoline as the U.S. will take,” said Andrew Reed, 
an analyst with Energy Security Analysis Inc. in Wakefield, Massachusetts. . . . “Regardless 
of price, they will be looking to unload in the U.S.” . . . India’s Reliance Industries Ltd. in 
December started a 580,000-baiTel-a-day refinery in Jamnagar, with plans to export gasoline 

totheU.S.* 

China and India are already poised for an economic attack on the U.S, economy. As another recent 
article states: 

The financial crisis has left [the United States] hobbled with significant government and 
household debts and sharply reduced prospects for growth. Developing nations such as 
China, Brazil and India, on the other hand, have weathered the economic storm significantly 
better. So while this latest proposal [to move away from the dollar] is bora of financial 
calculation, it is also a reflection of a new economic world order."* 

"[A] new economic world order. ” That is a rather ominous forecast for American 

consumers and businesses. The United States’ refining and petrochemical industries already face 

significant competition in global markets - without the adverse effects of cap-and-trade climate 

change legislation. Such policy would only increase our reliance on foreign products. One recent 

study concluded tliat H,R. 2454 would reduce U.S. refining throughput by up to 4.4 million barrels 

per day. The same analysis found that annual U.S. refining investments would decrease by up to 

$89.7 billion (an 88 percent decline in investment), causing petroleum product imports to more than 

double from nearly 10 percent in the baseline case to close to 20 percent under cap-and-trade 

legislation. 

Certain special interest groups tie climate change to the issue of national security in an 
attempt to bolster support from untapped voters. Realistically, though, given the negative effect 
cap-and-trade legislation would have on domestic energy production and on our ability to compete 
globally, this alleged solution for enhanced national security is actually one of its gravest threats. 

Barbara Powell and Aaron Clark, “Gasoline Hnding Biggest Rally in Decade as Driving Season Open.s,’’ Blpom bc r g, May !8, 200*? 

Bditorial. “TTie end of the doiiar- spells the rise of a new order." The Independent. October 6, 2009 
American Petroleum InstitutCj ax mamM arkev (U.R. 2454) Refinine Sector Impact As-iessmenL August 24, 2009 
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Our nationai security would not benefit from increased imports of refined fuels. Our national 
security would not benefit from the Pentagon’s reliance on military' fuels produced in unstable 
regions of the world. More importantly, our national security would not benefit from the “new' 
economic world order” that this legislation could bring. War can take many fomis. While a world 
war, thankfully, does not appear to be imminent, economic warfare continues to be a significant 
threat — one that should constantly be considered. 

Refiners Support Realistic Policies That Preserve Our Competitiveness While Reducing 
Emissions 

To ensure a secure, safe and reliable fuel supply for consumers, U.S. refiners strongly 
support a robust, balanced and realistic energy policy rooted in true fuel diversity. A realistic 
energy policy - one that would truly benefit consumers and enhance energy security - would not 
exclude fuels that are proven, reliable, secure, and are available today in commercial quantities. 
Given the global energy outlook and an ever-increasing population, debilitating the use of fossil 
fuels is hardly realistic. We must continue to invest in future energy technologies. .But those 
investments must not happen at the expense of today’s proven and commercially viable 
technologies. A realistic environmental policy should work in harmony with, not against, such an 
energy policy. 


We believe that greenhouse gas (GHG) emission reduction programs should include 
meaningful global participation, recognizing the imbalances among national programs and global 
enforcement efforts. The programs should also ensure that the U.S. can continue to compete in 
global markets, particularly with regard to fuels, petrochemicals and other petroleum-based 
products. Wc also believe that carbon control program requirements and their timing should co- 
exist with statutory and regulatory requirements that increase GHG emi.ssions from domestic 

industrial operations. In addition, a national GHG reduction program should preempt all .state, 
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regional, and local programs, as well as existing federal statutes such as the Clean Air Act, 
Endangered Species Act, or any other federal program. Finally, we believe a national program 
should provide realistic emission-reduction targets that integrate diverse supplies of long-term 
energy sources and technologies, and should apply to as much of the IJ.S. economy as possible, 
without political preconceptions or exemptions. 

Collectively, these concepts would create a far more realistic approach to reducing GHG 
emissions while increasing and preserving our nation’s ability to compete in the global marketplace. 
Conclusion 

Madam Chair, your colleague from North Dakota, Senator Dorgan, described Congress’ 
immediate challenge best w'hen he said earlier this month, “I think standing in a deep economic hole 
is a difficult time to do big policy things that cause uncertainty.”' ' S, 1 7.33 and H.R. 2454, if 
enacted, would create even greater uncertainty for investment, employment and our nation’s 
economic health. What Congress and the Administration do today and in the near future will 
impact investment in projects that could require 10 to 15 years to complete. The success of the 
businesses we represent, the livelihoods of our employees, and the success of our nation’s economy 
depends on sound policy that advances, not inhibits, a reliable, affordable supply of energy in the 
domestic marketplace. As the discussion of climate change legislation and regulation progresses, 
Valero and NPRA and its members are ready to work with you to create a policy that will protect 
the interests of the American consumer, preserve the jobs of our employees, enhance U.S. 
competitiveness globally, and achieve our shared environmental objectives. 

Thank you for your attention to our perspective. 1 am pleased to answer any questions that 
you may have about my testimony. 


Richiird Cowan, “U.S. economy couid worsen ciimatc bill prosueds.” Reutet^. October 6. 2009 
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Post Hearing Questions 

Senate Environment & Public Works Committee 
Hearing on “Clean Energy Jobs and American Power Act” 
October 29, 2009 


Questions for Bill Kiesse: 

Questions from: 

Senator Amy Klobuchar 

1. In Minnesota, we have strong, consistent policies in place that have promoted the 
development of homegrown energy - from biofuels, to biomass, to wind, solar, 
geothermal and hydro power. The reason we've had this success is that businesses 
know there will be demand for their products in the future and can plan to develop 
new produets. On a federal level, this consisteney has been lacking. As Secretary 
Chu said in his testimony yesterday, "On-again, oH-again incentives will not drive 
the level of clean energy investment we need." Can you comment on this bill's 
ability to provide the private sector market certainty for homegrown energy 
projects and technologies? 

Both Valero and the National Petrochemical and Refiners Association (NPRA) 
support the development of all types of energy, including renewables. We need a 
diverse, efficient and reliable supply of energy in this country, and we need to 
embrace all possible options, including renewable energy, nuclear energy and 
increased production of conventional and unconventional petroleum fuels. We 
are concerned, however, that this bill does not provide “private sector market 
certainty” for these energy projects. Several studies with varying degrees of cost 
projections highlight the lack of uncertainty in the carbon market this bill looks to 
create. Both H.R. 2454 and the Kerry-Boxer climate draft only serve to make 
conventional energy, such as coal and gasoline, so much more costly that other 
alternative technologies begin to look less costly. In doing so, the bill is only 
likely to lead to more expensive energy for everyone. More importantly, given its 
potential to raise costs too high too fast, the bill has the potential to send our 
economy into an even deeper recession, threatening the generation of capital 
needed to invest in research and development initiatives for new energy 
technologies. In effect, this bill would create winners and losers, and we are 
opposed to public policy that produces such results. 

In addition, government estimates indicate existing and proposed regulatory 
programs will lead to significant GHG emissions reductions from the 
transportation sector. These regulations include enhanced CAFE standards and a 
significantly expanded Renewable Fuels Standard (RFS), both mandated by the 




cap and trade program. As mentioned in both our witten and oral testimony, 
Valero owns a 50 mega- Watt wind farm in Texas and recent investments have 
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Senator James M. Inhofe 

]. The current allowance allocation system provides a total of 2.25% free allowances 
for the refining sector, than subdivides this allotment into separate pools for 
integrated, midsize and small refiners. Small refiners receive a full 1 % - almost half 
the total pool - midsize receive .5%, and all others receive .75%. Since the purpose 
of these free allowances is to mitigate consumer costs, can you tell me what 
percentage of our fuels mix is produced by each of these subsectors, and whether 
this discriminatory allocation system actually helps consumers or is merely another 
example of this bill picking winners and losers? Why are wc penalizing the refiners 
that produce most of the fuel used by consumers in this country? 

NPRA is not able to provide the data requested in the first part of this question 
due to the complex subdivisions outlined in S. 1733 and the Committee’s very 
short deadline for replying to these questions. We will research these figures and 
forward them to the Committee in the near future. 

With respect to the second part of this question, the proposed subdividing of the 
refiner allowances under this bill will do virtually nothing to help consumers, 
truckers and farmers, reduce the refining industry’s cost of compliance with the 
bill, or mitigate the substantial job losses this bill will cause in our industry. 
Moreover, small refiners which are typically isolated geographically are not 
equipped to produce the incremental fuels needed to replace idled refineries. 
Theoretically, even if they added fuel capacity the pipeline, trucking, rail, and 
other infrastructure is not in place to transport their product to market. S. 1 733 is 
worse than Waxman-Markey because it picks winners and losers within the 
refining industry. It is the equivalent of putting a band-aid on a severed limb and 
trusting that the patient will survive. 


2. Mr. Klesse, the bill before us authorizes 2.25 percent of distributed allowances to 
be given to the refining sector. In total, these allowances will be worth a significant 
amount of money. Why isn't this amount sufficient to address the cost impacts 
refiners are likely to face as they transition into compliance with the cap? 

The legislation’s allowance allocation for the refining sector will come nowhere 
close to covering the compliance obligations domestic refiners face under this 
bill. Under this bill, refiners are responsible for securing allowances for both 
stationary source emissions from their production facilities as well as the 
emissions from their fuel products after they reach the consumer. These two 
categories together come to approximately 44 percent of domestic greenhouse gas 
emissions covered in the legislation. So while refiners would receive 2,25 percent 
of emissions allowances, our industry is required to purchase allowances 
equivalent to 44 percent of total emissions covered in the bill. As I stated in my 
testimony before the Committee, this will have staggering impacts on domestic 
refiners, our customers and our employees. In addition, refiners have no control 
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over consumer emissions, so assigning those emissions to our indusir>' is neither 
fair nor addressed by the bill’s allowance allocation. As an example, industry 
wide we estimate the compliance cost for process emissions, with carbon at $20 a 
ton, to be $4.1 billion a year and the cost of product emissions to be $63 billion. 


3. You say allowances needed to cover consumer emissions will be a great expense 
for the industry that is not addressed by the allowances the bill will distribute to 
you. Why not just pass those allowance costs on to the consumer in the former of 
higher prices? 

’A'hile i can’t discuss Valero’s specific pricing considerations for legal reasons, 1 
can give you a general answer. First, all refiners work in an international 
marketplace and sell a commodity product. Small changes in our price structure 
can yield substantial market penetration for imports of refined product. Even if 
gasoline imports will bear some charge for consumer emissions, we believe 
distributed allowances are insufficient to fully address our process and secondary 
energy (electricity) costs. The combined impact on independent refiners would 
leave us vulnerable to imports and would undermine the domestic refining base 
and energy security. 

It is axiomatic under standard economic theory that only two market conditions 
would lead lo full pass through of regulatory compliance costs: (1) “perfectly 
inelastic demand;” or, (2) “perfectly elastic supply,” Perfectly inelastic demand 
means that consumers will buy the product no matter what it costs. Perfectly 
elastic supply means that producers can supply any amount of their product at the 
same marginal costs. Neither situation is true for the U.S. refining industry. This 
reality, along with the anticipated added costs associated with stationary source 
regulations, the unequal allocation scheme, and limiting the availability of 
international offsets highlight why the allowances allocated fall short. 

As costs increase, consumers consume less or buy more fuel efficient vehicles, 
leading lo decreases in demand. Historically, consumer prices have decreased 
with consumer demand, limiting the ability for businesses to pass through 
additional costs. An illustration of this fact is the summer of 2008, when oil 
prices soared to over $140 per barrel, consumer demand rapidly decreased and 
refiners lost money due to the inability lo pass along such costs. The legislation 
before the Committee looks to create a j^rmanent slate of declining demand. 
Recently enacted regulations (e.g. CAFE and the RFS) will also greatly reduce the 
demand for petroleum products in this country'. Given this situation, refiners are 
not in a position to absorb the exorbitant new costs of the cap and trade bill before 
the Committee. 


4. The bill will also contain an international reserve program that in essence places a 
border adjustment on fuels coming in from countries that refine gasoline. Why 
wouldn't that address your problem? 
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Valero and NPRA are closely examining that program. Valero has long 
supported adjustments to reflect the different environmental regulations our 
competitors in other countries face or in some cases do not face. However, we 
have several problems with the current proposal. First, we have found that even if 
other countries have similar laws on the books, they have very different 
approaches to monitoring and enforcement. In particular, the US is one of the few 
nations to allow the liberal use of citizen suits in its environmental programs. We 
fear that the bill’s scrutiny of international efforts will not pick up these crucial 
differences. Second, we are concerned that the program might be held to violate 
World Trade Organization obligations. If it were found in violation, we are not 
sure the federal government would have the political will to implement the 
program. Third, the bill will require domestic refiners to buy allowances for both 
process and consumer emissions. Importers of foreign products may have to buy 
allowances for consumer emissions, but they will not be forced to buy allowances 
for process emissions. Foreign refiners won’t have to pay for any allowances. 
Given this situation, the bill could create an insurmountable competitive 
advantage for foreign refined products. And last, the cap's implementation comes 
before the international program is established - potentially letting the horse out 
of the bam before the door is closed. 

5. We have heard proposals that would designate a certain portion of refiner 
distributed allowances to be held for so-called small refiners. Do you have any 
opinion on that? 

NPRA opposes any designated small refiner allowance share. To be sure, small 
refiners can and should apply for general refiner allowances and they should be 
assigned whatever they merit based on throughput or other fair distribution 
formulas. Holding some allowances specifically for a particular subset of the 
industry is bad energy and environmental policy. Further, it makes little sense to 
protect workers at identically-sized refineries just depending on their ownership. 

A small refinery owned by a larger company may also be the marginal operator in 
that company's fleet and may also serve a more isolated area. Diverting credits 
from facilities like that places them at risk for no compelling reason. 

6. Allowance prices in general are moderated by our strategic reserve policy. This 
means that if the auction price gets too high, Valero would have the option of 
participating in a special auction of reserved allowances. Why isn't that sufficient to 
contain costs for your company? 

Valero and NPRA believe that the strategic reserve will be insufficient. First, it 
does not represent a ceiling on the top price for allowances. Therefore, it does not 
ensure predictability for planning purposes. Second, the reserve itself is filled by 
taking some near-term allowances off the market and placing them in reserve. If 
the reserve runs out, it is filled in the same way. We believe this will place the 
government in competition with industry for scarce allowances, potentially 
making the problem worse. Third, EPA’s own cost analysis found that while 
reserve mechanisms are designed “to contain price volatility, control costs, or 



151 


both,” the Agency “has not assessed their ability to accomplish these staled 
goals.”^The EPA even admits that refilling the strategic reserve can result in 
higher allowance prices if the government is bidding against the regulated 
community for needed allowances or offsets.^ 

7. Why can't Valero just buy offsets? The bill allows for the purchase of some two 
billion tons worth of offsets, allowing both domestic and international options. 

Again, Valero and NPRA do not believe that offsets provide sufficient certainty 
for adequate cost containment. It is unclear how many domestic or international 
offsets wilt actually materialize. We know that major environmental 
organizations have indicated their opposition to offsets. And yet, neither the 
House nor the Senate bill limits the ability of environmental organizations to tie 
up the approval of offsets in administrative and legal delays. EPA candidly 
admits that it relies on offset literature that has “not attempted to model specific 
eligibility or administrative issues,”^ despite the enhanced scrutiny of both bills of 
offsets. 

If the EPA has guessed wrong on offsets, the results can be dire. Instead of the 
relatively rosy picture of offsets assumed by EPA, researchers at MIT assumed 
what was termed a “medium case” for offsets. Rather than assuming quick 
availability of offsets, MIT assumed that offset availability would ramp up from 
zero in 2012 to the full two billion by 2050. The medium assumption case “was 
193 percent higher than the allowance price in the full offset case." Finally, if the 
previously mentioned concerns did not exist, the volume of available offsets 
would not be sufficient to cover refinery consumer emissions obligations under 
the legislation. 

8. While the current bill docs not contain a low-carbon fuel standard, past proposals 
certainly have. Some Senators support these proposals. Does Valero have a view on 

them? 


Valero and NPRA oppose a low-carbon fuel standard. First, our refineries are 
still implementing two phases of reformulated gasoline programs at great expense 
in money and time. An LCFS would complicate existing law. Second, if 
refineries themselves are placed under a carbon cap due to this legislation, an 
LCFS would equate to double accounting for carbon. Third, an LCFS mandate 
would be inherently inflexible and extremely costly. Fourth, an LCFS endangers 
energy security. If the standard is used to discourage new sources of supply - 
particularly oil sands from Canada - it would ironically make us more dependent 
on the Middle East instead of North American sources of supply. 
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Senator George V. Voinovich 

1. Mr. Bill Klesse (CEO Valero Energy Corporation) - I have long been concerned 
by our nation's dependence on foreign sources of oil. This concern led me to 
introduce the National Energy Security Act, a comprehensive bipartisan plan to 
wean our nation off of its dependence on foreign oil. It would expand our energy 
resources by opening up the most promising areas of the Eastern Gulf of Mexico 
and providing $50 billion in federal loan guarantee authority for low>carbon 
electricity, including from nuclear and advanced coal. The bill would also reduce 
our oil usage by promoting the electrification of our light-duty transportation fleet. I 
was happy to see a number of the bill's provisions-especially the supply title that 
opens up the Eastern Gulf ~ included in the American Clean Energy Leadership 
Act that was marked up after six months of debate in the Senate Energy and 
Natural Resources Committee. While it will not be a panacea, I do believe that, 
should the senate energy bill pass and the provision to expand oil production be 
included, that it will go a long way towards making our country more energy secure. 
I am concerned, however, by Waxman-Markey and the way it deals with refineries. 
You outlined pretty clearly in your statement how rcHncrs, who arc already 
suffering under this recession, would need to further reduce operations to meet 
emissions reduction targets. With less refining capacity in the U.S., wc would be 
importing less crude oil, but we would need to import increasing levels of refined 
petroleum products to make up for our lost refining capacity. A new study by EnSys 
says that under Waxman-Markey our dependence on foreign imports of refined 
petroleum produets would double by 2030 - from 10 percent today to 20 percent in 
2030. Mr. Klesse, in your opinion, are we more or less energy-secure if wc are 
shifting energy imports from crude oil to refined products? 

I believe our security is best served by having a vibrant domestic energy 
production sector that has reliable access to supplies so it can produce a diverse 
array of affordable fuels. I do believe this legislation would lead to less 
domestically produced refined petroleum products and more foreign refined 
petroleum product imports. What does this mean for our military? It may be that 
the military will have a harder time finding jet fuel for our fighter planes or fuel 
for our naval fleet. Fuel may no longer be available near military bases and 
therefore more susceptible to supply disruptions. 1 do not believe such a scenario 
would be beneficial from an energy security perspective. 


2. Mr. Klesse - Thank you for your testimony and for being here today. In your 
testimony you state that if this bill were to be enacted, and carbon was $20 per ton, 
your direct emissions liability could be nearly $230 million for your three facilities - 
and your indirect emissions liability through your customers' fuel usage could be 
nearly $6 billion per year. Given the complexities of this bill, could you explain to us 
a bit more about how your company is expected to cover these large costs. Will the 



153 


2% of the total allowances given to refiners help you meet these increased costs? In 
your opinion what is the optimal amount of allowances that refiners should receive? 

As I stated before, the 2.25% of allowances will not be anywhere near enough to 
help refiners meet the increased costs imposed by this legislation. Refiners are 
held responsible for approximately 44 percent of the greenhouse gas emissions 
regulated in the legislation, yet we are allocated a small fraction of what we need 
to cover this liability. As for how our company is expected to cover these large 
costs — I do not know. I know of very few companies anywhere that would be 
able to absorb substantial and volatile new costs without damage to their viability 
and long-term health. 

As for the optimal amount of allowances refiners should receive - Valero and 
NPRA are not going to offer a specific number. We will say that the allowances 
granted refiners should fairly and adequately reflect the compliance obligations 
imposed on refiners. The allotment system proposed under this bill is punitive 
and deeply flawed, and we do not feel Congress can adjust the allowance 
allocations in a way that would mitigate the devastating impacts of this legislation 
on domestic refiners. 

3. Mr. Klesse - You alluded to this in your testimony, but one of the reasons the 
authors of this bill provide for having only allotted refiners 2% of the allowances - is 
that they believe refiners can pass 100% of their costs of compliance onto consumers 
at the pump. I believe this in an important myth to dispel - so could you please 
discuss in greater detail why this is simply not the case. If we wanted consumers to 
use less gasoline, what do you believe would be a more sensible approach? 

Historically, there has been no such thing as 1 00 percent cost pass through in the 
refining sector. Like any other sector, we are driven by the elasticity of supply 
and demand, and we do not have the ability to pass through all of our costs onto 
the consumer. Please see my previous answer to Mr. Inhofe’s question on pass 
through for more detail. It is likely that some amount of cost will be passed 
through and consumers will experience this in the former of higher fuel costs - 
costs that several studies indicate could be significant. Refiners will have to 
absorb the costs that cannot be passed through. As previously stated, I do not 
believe refiners will be able to absorb the tremendous costs imposed by this 
legislation. 

As for consumers using less gasoline, I urge Congress to examine the impacts of 
recently enacted legislation, namely the Energy Independence and Security Act of 
2007. New CAFE standards and a drastically expanded Renewable Fuels 
Standard (RFS) will significantly reduce consumer demand. Several analysts 
have predicted that U.S. gasoline consumption has already peaked for the long 
run. 
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Senator Lamar Alexander 

1. A new study by EnSys says that under Waxman-Markey our imports of refined 
petroleum products would double • instead of being 10% in year 2030 our fuel 
imports would be 20®/o. 

1, Would doubling the reliance on foreign sources of fuels increase market 

volatility? 

For legal reasons Valero and NPRA will not make predictions about future market 
behavior. We can say that an increased reliance of foreign sources of fuel will 
lead to fewer American jobs and raise energy security questions. 

2. Arc we more or less energy-secure if we arc shifting energy imports from 
crude oil to refined products? 

Valero and NPRA are certain that our security is best served by having a vibrant 
domestic energy production sector that has reliable access to supplies so it can 
produce a diverse array of affordable fuels. This legislation would lead to less 
domestically produced refined petroleum products and more foreign refined 
petroleum product imports. 1 do not believe such a scenario would be beneficial 
for our nation from an energy security perspective. 


2. We in Tennessee are proud that Valero employs 600 Tennesseans, including 
contractors, at its refinery in Memphis. The facility is a major refinery of fuels, 
including jet fuel used at the Memphis airport and FedEx. 

1. What would the cost of the Kerry-Boxcr Bill be for the Memphis 
facility? 

2. How would the Memphis facility comply with the Kerry-Boxer bill if it 
were to become law? Buy credits? Can't you just pass on the cost of this to 
the consumer? 

3. What would the practical effect on employees, contractors, state taxes, etc. 
of the Kerry-Boxer bill be? 

Answer to Questions 1-3: 

The Memphis Refinery obligation under S.1773 is more than $550 million per 
year in compliance costs. This includes both the process emissions and mobile 
source emissions. As you noted, the Memphis Refinery produces the 
transportation fuels needed for Memphis, Western Tennessee and many 
communities on both sides of the Mississippi River. This refinery competes with 
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much larger, more complex facilities along the Gulf Coast and its advantage is 
location and good workers. The impact of S. 1773 on the Memphis Refinery is 
unclear but we welcome the opportunity to visit you more about the impact if this 
legislation moves forward. The Memphis Refinery does so much in the 
community through countless charitable events and the contribution to local and 
state governments is substantial. For example, in 2008 Valero Memphis paid $2 
million in property taxes, nearly $3 million in sales tax, and close to $2.5 million 
in payroll and other employee related taxes. 

' EPA, “Economic Impacts of S. 1733: The Clean Energy Jobs and American Power Act 

of 2009,” p. 10. 

^Ibid.p. 12-13. 

^ Ibid., p. 8 
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Senator Boxer. Thank you very much, sir. 

Mr. Vassey. And let me say, Brett A. Vassey, President and 
CEO, Virginia Manufacturers Association. 

Welcome. 

STATEMENT OF BRETT A. VASSEY, PRESIDENT AND CHIEF EX- 
ECUTIVE OFFICER, VIRGINIA MANUFACTURERS ASSOCIA- 
TION 

Mr. Vassey. Thank you. Chairman Boxer, Senator Inhofe and 
members of the committee for the opportunity to testify before you 
today on this bill. 

I am the President and CEO of the VMA from Richmond, Vir- 
ginia. We are the trade association for manufacturers and indus- 
trial suppliers to manufacturers for 87 years. Our members employ 
over 120,000 Virginians. We produce over 400 megawatts of renew- 
able energy from our facilities, and finally, we make everything 
from ships to chips. That is our logo. 

We are also very proud we are from the Commonwealth, the 
fourth year running the No. 1 State for business as ranked by 
Forbes Magazine. 

So, there is additional information in the testimony I submitted 
on the economic impact, and I will, in the interest of time, just get 
to the points. 

My testimony today is going to be specifically addressing the cap 
and trade provisions of this bill. Due to the time constraints, I am 
only going to address three of the four issues. In my written testi- 
mony, those issues are going to be specific to the credit allocation, 
to the issue we are bringing forward of capacity confiscation, and 
to, finally, leakage, which is addressed only in part in this bill. 

On the credit allocation, this system allows political leaders to 
choose winners and losers in the economy. The important thing 
about this is the system risks global manufacturing because they 
make decisions on future capital investments today. Congress and 
the EPA allocating credits is a critical decision before you because 
States like Virginia and other States will lose opportunities to com- 
pete and create jobs in the future as long as this is a threat hang- 
ing over the heads of those looking 3 to 5 years where they are 
going to invest. I will explain in just a moment why that is linked 
to leakage. 

But the second issue is productive capacity confiscation, and this 
is important for us. To avoid paying for emissions credits, only 
point sources such as manufacturers that comprise only 3 percent 
of all businesses in the Commonwealth, mind you, will be forced to 
involuntarily accept limits on their emissions. This limitation ig- 
nores the fact that Virginia’s industrial sector emits less CO 2 today 
that it did in 1990. 

Additionally, in accepting lower allowable emission rates, the 
companies involved will be restricting each of their regulated facili- 
ties to a correspondingly lower allowable production rate. Energy 
equals production. This is productive capacity confiscation, and 
there is no provision in this bill to compensate Virginia’s, or any 
State’s, affected businesses for the productive capacity that the 
Federal Government will be confiscating from us. 
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Now, on to leakage. The truth is cap and trade, from our perspec- 
tive, is simply a tax on energy, and it is regressive on manufac- 
turing because of its intense nature. There is nothing in this hill 
that stops leakage to more favorable nations, and there will be 
more favorable nations. 

Virginia, for instance, if we eliminated all CO 2 emissions from all 
sources, China’s growth alone would replace it in 77 days. On this 
note, it is my opinion, which I would like to share with the com- 
mittee, that there is a gentleman named Mr. Tom Mullikin, he is 
environmental attorney with Moore & Van Allen out of Charlotte, 
North Carolina, who has produced a very substantial body of work 
on this issue and has changed the thinking of many global leaders 
on the impact of leakage. And I suggest that he could be somebody 
very helpful to you. 

Mullikin’s findings, basically, his finding is basically that due to 
productivity of American manufacturers and their workers and the 
efficiency of our facilities, our Nation’s carbon emissions from in- 
dustry are only 11.5 percent of the country’s overall carbon emis- 
sions whereas the EU’s is 16.2, Japan’s is 21.5 and China’s is 28. 

In other words, the U.S. is the largest manufacturing economy 
in the world, and if it were to grow the industrial base rather than 
limit it, we may grow GHG emissions slightly in this country, but 
we would lower the overall global emissions to the world. 

And to give you evidence of that, since 1997, Virginia manufac- 
turers have increased its gross State product — excuse me, since 
1997, the Virginia industrial sector has increased its gross State 
product per kilowatt hour of electrical input from $2 to $3.14. What 
that means is we are 64 percent more efficient in production that 
we were just in 1997. And I would dare say if you challenge your 
State, you will find the same data. 

Industrial businesses understand the importance of environ- 
mental stewardship, voluntarily spending millions. In Virginia, we 
spend nearly $1.72 billion just in compliance costs on environ- 
mental regulations. We commend the efforts of this body to legiti- 
mately address this complex scientific issue while affording equal 
protections to the economy. These are not mutually exclusive prin- 
ciples. 

You already know the studies published by NAM, the Heritage 
Foundation and others which I will not recite. But in your mate- 
rials you do have a letter dated June 6, 2008, from 10 Senators of 
this body signed also by our Senator, Jim Webb, stating that there 
must be protections for manufacturing jobs in the then Lieberman- 
Warner bill. But the most important statement they made is this 
bill must include enhanced safeguards to ensure a truly equitable 
and effective global effort that minimizes harm to the U.S. economy 
and protects American jobs. We agree. 

In closing, the VMA wants Congress to develop responsible poli- 
cies that protect domestic jobs and the environment. We are con- 
cerned that these bills will cap industrial competitiveness and 
trade domestic manufacturing jobs abroad for entirely undefined 
environmental benefit. We can do better, and we must do better. 

Thank you for the opportunity. 

[The prepared statement of Mr. Vassey follows:] 
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Testimony of Brett A. Vassey, President & CEO, Virginia Manufacturers Association 


Legislative Hearing on S. 1733, Clean Energy Jobs and American Power Act 


US Senate Committee on Environment and Public Works 
9:30 a.m., October 28, 2009 
Room 406, Dirksen Senate Office Building 


Chairman Boxer, Senator Inhofe and members of the Senate Committee on Environment and 
Public Works, thank you for the opportunity to testify on S. 1733 - the Clean Energy Jobs and 
American Power Act. 

I am the President & CEO of the Virginia Manufacturers Association. We have been the state 
trade association for manufacturers and industrial suppliers to manufacturers for 87 years in the 
Commonwealth of Virginia. Our members employ over 120,000 Virginians in all 19 
manufacturing industries across Virginia - our members make everything from ships to chips. 

Based on the last economic impact report' conducted by our state’s economic development 
agency, the Virginia Economic Development Partnership, Virginia’s manufacturing sector 
.supports: 

• 1,015,971 jobs 

o 303,829 direct jobs 
o 7 1 2, 1 42 additional jobs 

° Direct and indirect jobs equate to 27% of total employment in Virginia 

• $172,0 billion in annual economic output 

' ilBBlgywww .vamanufacturers.coi-n/docs/Dublications/MfalmDactEconDriversPlan.Ddf 
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o $85.8 billion direct output 
o $86.2 billion additional output 

o Direct and additional output equate to 49% of Virginiabs Gross State Produc t 

Further, Virginia’s manufacturing sector, its supporting industries, and its employees generate: 
“ $6.3 billion in tax revenue 

o $3.5 billion in .state tax revenue, including sales and income taxes 
o $2.8 billion in local tax revenue 
» $2.4 billion in property taxes 

» S400 million in sales taxes 


My testimony today will specifically address the “cap and trade” provision of S. 1733 and the 
American Clean Energy and Security Act of 2009 (H.R. 2454), I will speak to four issues 
pertaining to “cap and trade” that are not regularly addressed in the context of climate change 
legislation. The four areas are as follows: 

1 . Federal Government Credit Allocation . This system allows elected political leaders to 
choose “winners and losers” in the economy. Waxman-Markey directs that every 
commercial user of energy would be given a certain number of carbon credits, permitting 
it to emit a specific amount of carbon each year. If a manufacturer exceeds its credits, it 
has to purchase extra credits from others who do not reach their cap. This system has too 
much risk for global manufacturers who are making decisions about their future capital 
investments today. Congress allocating credits is a critical decision because Virginia and 
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other states will lose opportunities to compete and create jobs in the future as long as the 
threat of this allocation system exists in the public debate. 

2. Productive Capacity Confiscation . To avoid paying for emissions eredits, only point 
sourees such as manufacturers, that comprise only 3% of Virginia’s total businesses, must 
involuntarily accept limits on their emissions. This limitation ignores the fact that 
Virginia’s industrial sector emits less CO 2 today than it did in 1 990 (see Appendix B). 
Additionally, in accepting lower allowable emission rates, the company will also be 
restricting each regulated facility to a correspondingly lower allowable production rate. 
This is productive capacity confiscation and there is no provision to compensate 
Virginia’s affected businesses for the productive capacity confiscated by the government. 

3 . Leakage. Proponents of “cap & trade” believe immediate regulation will force industry 
to stop using traditional sources of energy. Unfortunately, this position demonstrates a 
fundamental misunderstanding of global manufacturing today. The truth is “cap & trade” 
is Just another tax on businesses and consumers - regressively so on manufacturing - and 
it does nothing to stop “leakage” to nations with more favorable conditions. For 
example, even if Virginia limited all of its CO 2 emissions, China’s CO 2 emissions growth 
alone would replace all of Virginia’s CO 2 emissions in only 77 days. Virginia is .44% of 
the global GHG emissions. 

a. It is my opinion that Mr. Tom Mullikin, a senior environmental attorney with 
Moore & Van Allen in Charlotte, NC, is one of the most persuasive and well cited 
researchers in this policy area and should be invited to speak to this Committee. 
His documentary, Climate Change: Global Problems, Global Solutions, has had 
the most profound impact on industrial leaders across the US about how to look 



differently at the political and economic solutions to climate change. For 
example, American manutacturers are three times more productive than Asian 
competitors and 33% of China’s CO 2 emissions are from the production of goods 
for export. In essence, one of Mullikin’s findings is that due to the productivity of 
the American manufacturer (and worker) and the efficiency of US manufacturing, 
our nation’s carbon emissions from industry are only 1 1 .5% of the country’s 
overall carbon emissions, whereas, the EU’s industrial equivalent is 16.2%, 

•lapan’s is 21.5% and China’s is 28% (Source - World Re, sources Institute). In 
other words, the US is the largest manufacturing economy in the world and if it 
were to grow that industrial base, rather than limit it, we may grow GHG 
emissions domestically by a small percentage, but we could lower the overall 
global GHG emissions. 

b. These facts should embolden the Senate to explore the role of global industrial 
competition as a motivating factor for other countries. 

c. Due to the global market implications of this legislation, it is also recommended 
that the Senate also explore the climate modeling by NASA (GISS) as it relates to 
challenges accurately predicting surface temperatures over the pa.st decade, heat 
content of the ocean and the temperature of the atmosphere. 

Market Interference. The U.S. manufacturing industry relies !;ub.stantially on natural ga,s 
as a feedstock, for process requirements and for electric power, and traditional energy 
resources .such as coal, nuclear, oil and biomass. The National Association of 
Manufacturers largely attributes the shutdown of businesses and loss of 3.7 million 
premium wage U.S. manufacturing Jobs from 2000 to 2008 to the quadrupling of natural 



162 


gas prices. This was driven by construction of over 100,000 megawatts of new natural 
gas based power plants early this decade. It was based on conclusions that production of 
US natural gas would increase substantially and that prices would remain low for a very- 
lengthy period. Neither of these occurred. Given the language in section 181 of S. 1733 
this quick build out of new natural gas plants could occur again and bring another 
substantial loss of U.S, manufacturing jobs. Further, cap and trade’s effect of limiting 
traditional fuel sources will not serve to encourage energy independence for the U.S. 
because it ignores the technology challenges of carbon sequestration, affordability and 
reliability of w'ind and solar energy, biomass competition with food and forest products 
industries and the proven reserves of fossil fuels in the United States that exceed all other 
countries (see Appendix A). 

Industrial businesses understand the importance of environmental stewardship, voluntarily 
spending millions on this effort each year. According to a Virginia Joint Legislative Audit & 
Review Commission (JLARC) report^, Virginia manufacturers already spend between $606 
million and $1 .72 billion per year on environmental compliance. Therefore, we commend the 
efforts of this body to legitimately address this complex scientific issue while affording equal 
protections to the U.S. economy - these are not mutually exclusive principles . 

Furthermore, it is difficult for the American manufacturer to understand how adding new 
regulatory burdens with undefined indirect costs and increasing direct costs of everything from 
fuel to electricity will not harm domestic industry. You already know the studies published by- 
organizations such as The Beacon Hill Institute, Heritage Foundation and the National 

^ httD:;V'ilai'c.virgiiiia.guv,-'i-cDorls/Rpl342.Ddf 
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Association of Manufacturers. The Beacon Hill Institute report estimated that Waxman-Markey 
will cost Virginians in excess of $25 billion by 2050. The Heritage Foundation estimates that 
Virginians will pay $500 more per household for electricity, and gasoline prices will increase 64 
cents per gallon. Finally, the National Association of Manufacturers projects that Virginians 
may pay as much as $159 per metric ton of CO 2 emitted annually, 64,3% more for natural gas 
and Virginia should brace for a loss of 56,400 jobs by 2030 (see Appendix C). 

Contrast these costs with the fact that Virginia manufacturers have lost over 100,000 jobs in less 
than 20 years and Virginia has lost billions in economic activity during that same period and ask 
yourself if this protects domestic jobs and the environment? 

On June 6, 2008, ten (10) US Senators, including Virginia’s Senator Jim Webb co-signed a letter 
to you. Senator Boxer, and Senator Reid. In that letter, the Senators stated that one of their 
principles was to “Protect U.S. Manufacturing Jobs and Strengthen International 
Competitiveness.” The Senators went on to state that, “The final bill must include enhanced 
safeguards to en.sure a truly equitable and effective global effort that minimizes harm to the U.S. 
economy and protects American jobs,” We agree^. 

In closing, the Virginia Manufacturers Association wants Congress to develop responsible 
policies that protect domestic jobs and the environment. We are concerned that these bills will 
“cap” industrial competitiveness and “trade” domestic manufacturing jobs abroad for an entirely 
undefined environmental benefit. We can do better and we must do better. 

’ Virginia Climate Change Council, Statement of Principles, 2008 - 

hiin;;Vww\c vaiTianiifaciu rers.com/oublications/climalechangestBtementolprin cjBtesjdf. 
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APPENDIX A 


Table 6. Reserves of fossil fuels plus technically recoverable undiscovered oil and 

natural gas 


United States 

T otal fossil fuel 
proved reserves 

969.7 

Estimated 
undiscovered 
oil & gas 
(Billion BOE, 
USGS") 

351.5 

TOTAL FOSSIL 

fuels” 

(Billion BOE) 
1321.3 

Russia 

954.9 

293.7 

1248,6 

Saudi Arabia 

311.6 

231.3 

543.0 

China 

465,6 

28.4 

494.0 

Iran 

311.6 

114.3 

425.9 

Canada 

214.1 

7.2 

221.3 

Kazakhstan 

166.7 

33.7 

200.4 

Iraq 

134.8 

68.4 

203,3 

Qatar 

175.6 

12.1 

187,7 

Venezuela 

118.3 

38.1 

156.4 

United Arab Emirates 

135.8 

16.2 

152.0 

Nigeria 

69.5 

63.4 

133.0 

Brazil 

41.4 

79.4 

120,8 

Kuwait 

113.9 

4.7 

118.6 

Libya 

51.1 

10,8 

61.9 


BOE means Barrels of Oil Equivalent 

a, U.S. Geological Survey, World Petroleum Assessment, 2000, 

http://energy.cr,usgs.govArVEcontAA/EMap.pdf; mean values of estimates are used for foreign countries. 
U.S, number is taken from values in Table 3. 

b. Total Fossil Fuels in this table include the technically recoverable reserves of oil, natural gas, and coal 
from Table 5, plus estimates of undiscovered oil and natural gas from the USGS World Petroleum 
Assessment. No global estimates of undiscovered coal exist. 


Source; Congressional Research Service, 

http://e.pvv.senate.gov/public/index .c fTTi?FiiseAction=Files.Vievv&FileStore id= 0 Tfe b68b-elp7- 
4748-8Cc-d88c0e7d6bd5 
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APPENDIX B 
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ACCF and NAM applied input assumptions under tvvo scenarios (high cost and Sow cost) investigating the 
sensitivity of assumptions that have proven in the past to signlffcantly Impact the cost of limiting C02 emissions 
from energy. The ACCF-NAM input assumptions embody judgment on tfie likely cost and availability of new 
lechnoiogtes in the early decades of a long-term effort to reduce greenhouse gas emissions as well as energy 
efficiency and renewable eiectricity standards. These assumptions include the availability of nuclear power 
technology for electric generation, the availability of carbon capture and storage for more efficient coal and 
natural gas-based power generation technologies, the availability of wind and biomass technologies. The 
ACCF-NAM input assumptions also included assumptions regarding the likely availability of domestic and 
infemationai offsets - - key factors Influencing analysis of the cost of limiting greenhouse gas emissions (see 
•Appendix a for assumptions). 

Results of the ACCF-NAM Analysis of the Waxman-Markey Bill (H.R. 2454) 

The NEiiMS/ACCF-NAM 2 model study's findings Indicate substantial and grov/ing impacts to consumers and 
the economy of meeting the increasingly stringent emission targets through 2030 established by H R. 2464. 
Among the NEMS/ACCF-NAM 2 study's genera! findings are: 

• U.S. economic growth slows; 

U.S. economic growth slows under the Waxman Markey bill (H.R. 2454), especially in the post 2020 period as 
the free emission allowances are phased out for both energy producers and energy consumers. In 2030. the 
inflation adjusted, annual GDP level is reduced by 1.8% (or $419 billion) under the low cost scenario and by 
2-4% (or $571 billion) under the high cost scenario, compared to the baseline forecast (See Table 1 for results 
and baseline forecasts). To put these GDP losses in perspective, in 2008 the Federal government spent S612 
billion on social security payments to retirees. Looked at another way, if GDP levels are reduced by $571 billion 
in 2030, Federal and State tax receipts will be approximately $170 biiiion lower that year since Federal and 
State governments take approximately 30 cents out of every dollar of GDP. Thus, government budgets will be 
harder to meet. 

Over the entire 18 year period (2012'2030) covered by ACCF/NAM analysis, cumulative GDP losses are 
substantial, ranging from $2.2 trillion dollars under the low cost case to $3.1 trillion under the high cost case. 
Again, the hit to Federal and State budgets is large, cumulative tax receipts will be reduced by between $670 
billion and $930 biiiion compared to the baseline forecast. Given the size of projected Federal deficits and State 
budget receipt shortfaila, policymakers may want to think carefully before imposing the Waxman Markey bill on 
the already struggling U,S. economy. 

• Industrial production begins to decline: 

Industrial production (manufacturing, mining and electric utilities) begins to decline immediately in 2012, relative 
to the baseline forecast, under the Waxman Markey bill. In 2030, U.S, industrial output levels are reduced by 
between 5.3 % and 6.5 % under the low and high cost scenarios. A hallmark of economic downturns and 
recessions is a slowdown in the growth rate or an absolute decline in the level of industrial output. Clearly, the 
negative impact on industrial output of the Waxman Markey bill would make it harder to keep the U.S, economy 
out of recession or sluggish growth insufficient to restore job growth. 

• Employment is negatively impacted: 

Employment is negatively impacted by Waxman Markey, even when additional "green'’ jobs are factored in. 
Over the 2012-2030 period, total U.S. employment averages between 420,000 and 610,000 fewer jobvS each 
year under the low and high cost scenarios than under the baseline forecast. By 2030, there are between 
1,790,000 and 2,440,000 fewer jobs in the overall economy. Manufacturing employment is hard hit: in 2030 
there are between 580,000 and 740,000 fewer jobs, or between a 6 and 7 percent reduction in total 
manufacturing employment in the U.S compared to the baseline forecast. On average, over the 2012-2030 
period, the manufacturing sector absorbs 59 to 66 percent of the overall job losses caused by the Waxman 
Markey bill. 
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APPENDIX C 


Analysis of the Waxman-Markey Bill 
“The American Clean Energy and Security Act of 2009” (H.R. 

2454) 

Using the National Energy Modeling System (NEMS/ACCF-NAM 

2 ) 

EXECUTIVE SUMMARY 

IntrodiiGtion: 

The American Council for Capital Formation {ACCF)i and the National Association of Manufacturers {NAM )2 
contracted with Science Applications International Corporation (SAIC)3 to analyze the Waxrnan-Markey bi!!, the 
American Clean Energy and Security Act of 2009 (H.R. 2454) to substantially reduce U.S. greenhouse gas 
(GHG) emissions over the 2012-2060 period. This study uses the NEMS/ACCF-NAM 2^, the version used in 
this project of the National Energy Modeling System (NEMS) model, the model used by the U.S. Energy 
information Administration (EiA) for its energy forecasting and policy analysis when asked by Congress and 
other federal agencies to analyze new energy and environmental policy initiatives. NEMS provides a common 
analytical tool for gaining valuable insights into the likely Implications of alternative GHG reduction policy 
options. Using the model relied on by Congress also ensures that the discussion will focus on the merits of 
assumptions and policy choices rather than methodology, in the end, the use of the ACCF-NAM version of 
NEMS in this study supports and supplements congressional consideration of alternatives and enhances 
opporlunities to identify commonalities, strengthen the legislation, and find solution paths. This study was 
performed by SAIC, independent of EIA. s 

The ACCF and NAM believe it impoilant to fully and realistically examine the potential costs that enactment of 
Waxman-Markey bilije would impose on the U.S. economy. The Waxman-Markey bil! requires an 83 perceiit 
reduction in C02e compared to 2005 levels by the year 2050. It is well recognized that the cost to U.S. 
consumers and employers of implementing greenhouse gas (GHG) emission reductions is highly dependent on 
the market penetration achieved by key technologies and the availability of carbon offs^ets by 2030, 
Understanding the potential economic impacts at the national, state and individual household levels can help 
guide choices on climate change policy to minimize the Impacts on economic growth and maximize the benefits 
to the environment. Greenhouse gas reduction policies need to include consideration of impacts on energy 
security, ecortornic growth, and U.S. competitiveness. This project is designed to assist in this effort. 

The ACCF-NAM analys.is of the Waxman-Markey bill uses the most recent version of the E!A Annua! Energy 
OutiooK, the April AE02009, This is the third version of the AEO released by EIA for 2009. The April AE02009 
includes the Stimulus Law enacted in February 2009. the American Recovery and Reinvestment Act of 2009 
(ARRA), as well as the original Stimulus Law enacted in October 2008, the Energy Improvement and Extension 
Act of 2008, it also includes a new macroeconomic outlook that took into account the impact of the significant 
worsening of the ongoing recession that was not included in the earlier versions of the AE02009. 

In the near term, .ARRA is projected to decrease the magnih.ide and duration of the current recession. Further 
out in the projection period, however, ARRA adversely affects macroeconomic performance as the larger 
budget deficits that result from the additional spending embedded in the stimulus package cause interest rates 
to be higher and GDP growth to be lower. NEMS model changes reflect the following programs of ARRA 2009; 
weatherization. assisted housing, energy efficiency, and conservation block grants; State energy programs; 
Pfug in hybrid and electric vehicle tax credits; tax credits for renewables; Loan guarafttees for renewables, 
biofuels and transmission projects; support for CCS; and, smart grid expenditures.? 
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' Energy pnces rise: 

Energy pnces nse over the 2012-2030 period, due to the various features of the Waxman Markey bill indudsng 
prices tor carbon permits which gradually rise to between $123 and $159 dollars per ton of C02 by 2030 as 
well as the renewabie portfolio standards, low carbon fuel standards, and energy efficiency standards. Over the 
past decade, each 1 percent increase In GDP in the U.S. has been accompanied by a 0,3 percent increase in 
energy use, thus hivgher energy prices will make It harder to recover from the current recession and to reduce 
the current high rate of unemployment. The ACCF/NAM study shows tfiat residential electricity prices are 5 to 8 
percent higher by 2020, by 2030 electricity prices are between 31 to 50 percent higher. Gasoline prices are 
also higher. By 2030 prices are up to 20 to 26 % higher than under the baseline forecast, 

• Household income drops; 

Household income drops under the Waxman Markey bill, even after accounting for rebates to consumers 
mandated in the bill In 2030, the decline in annual household income ranges from S730 in the low cost case to 
about $1248 in the high cost case. However the impacts on household income in individual states, especially in 
the Midwest are rtiore than 40 percent higher than the national average. For example, household income in 
Illinois is $1,096 lower in 2030 under the low cost case and $1,782 lower under the high cost case. Other 
Midwestern states, like Michigan, Indiana and Kansas show a similar pattern, income losses are much higher 
than the national average. 


CONCLUSIONS 

The ACCF/NAM analysis of the Waxman Markey bill shows that there are significant economic costs in terms 
of slower growth in jobs, household income and GDP from meeting the bill’s GHG reduction targets. Given the 
wide recognition that without strong emission cuts in developing countries like China and India, U.S. emission 
reductions would have only negligible environmental benefits, policymakers should proceed cautiously as they 
develop climate change policies. 


1. The Ameficari Coundl for Cepilal Forn>etion (ACCF) (wvmv.accf.org) is s nonprofit, nonpartisan organization dedicated to the advocacy of tax and environmental policies that 
encutirage saving and investment. The ACCF was founded In 1973 arsd ts supported Oy the wliintary contributions of coiporations, associations, foundations, and individuals. 
The mission of the ACCF is to promote economic growth through sound tax. environmeniai, and trade policies. 

2. The National Association of Manufacturers (NAM) Is the nation’s largest mdusinai trade assooelion. representing small and large manufacturers irt every industhat sector and 
in ail 50 states. Headquartered in Washington, D.C.. the NAM has 1 1 additional offices aaoss the country. Visit the NAM's award-winning web site at www.nsrr.org for more 
Information about manufacturing and tha economy. 

3. SAIC is a FORTUNE 500® scientific, engineering and technology at^lications comparty that uses its deep domain knowledge to solve problems of vital Importance to the 
nation and the world. In national security, energy and tha environment, crincal infrastruaura, and heal^. 

4 As noted, the term "NEMS/ACCF-NAM 2" Is used in this repwt to disfinguish NEWS runs conducted in this project from NEMS rune concfucled by EIA, and from those 
conducted for ACCF and NAM last year in analyzing the Ueberman-Wamer bill (S. 2191). 

S. SAIC Is a policy-neutrel organization. SAiC executed the NEMS/ACCF-NAM 2 model in this project using SAIC's and ACCF/NAM's interpretation of the bill, and input 
assumptions provided by ACCF/NAM. The modeling was performed independent of EtA. Analysis provided in this report is based on the output from the NEMS/ACCF-NAM 2 
model as a result of the ACCF/NAM input assumptions. The input assumptions, ofxnions and recommendat<or>s in this report are those of ACCF and NAM, and do not 
necessarily represent the views of SAtC, 

e. The House of Representatives passed the M.R. 2454 cn June 26, 2009 by a vole erf 219-212. 

7, The details of the implementation are described in, "An Updated Annual Energy Chjtlook 2009 Reference Case Rew&ons Reflecting Provisions of the American Recovery and 
Reinvestment Act and Recent Changes in Economic Outlook," April 2009, Energy Information administration 
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I able 1, Ecorsornic impact of the Waxman-fvlarkey Bill {H.R.2454) on the U.S. Economy 
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WASHINGTON, DC 20610 


June 6 , 2008 


The I lonorabie Harry Reid 
K'lajority Leader 
United Stales Senate 
S-221, the Capitol 
Washington, D.C. 20510 


The f lonorabie Barbara Boxer 

Chairman, Committee on Environment and Public Works 
456 Dirksen Senate Office Building 
Washington. D.C. 20510 


Dear Mr. Leader and Chairman Boxer: 


As Democrats from regions of the country that wall lie most immediately affected by climate 
legislation, we warn to share our concerns with the bill that is currently before the Senate. We 
commend your leadership in attempting to address one of the most signi ficant threats to this and 
future generations; however, we cannot support final passage of the Boxer Substitute in its 
current form. 


We believe a federal cap and trade program must not only significantly reduce greenhouiie 
gas emissions but also ensure that consumers and workers in all regions of the U.S. are protected 
from undue hardship. A federal cap and trade program is perhaps the most significant endeavor 
undertaken by Congrcs.s in over 70 years and mu.sl be done with great cai-e. To that point we 
have laid out the following principles and conccrn.s that must be considered and fully addressed 
in any final legislation. 


• Contain Costs and Prevent Harm to the l!.S. Economy: Wo hope that you recognize, 
as we do. the inherent uncertainty in predicting the costs of achieving the cmis.sion caps 
set forth in this or any climate legislation. While placing a co.st on carbon i.s important, 
wc believe that there must be a balance and a short-tenn ciLshion when new technologies 
may not be available as hoped for or are more expensive than assumed. There arc many 
options to deal with the issue and all should be up for discussion in order to meet our 
environmental and economic goals. Ultimately, wc must strive to form a partnership 
with regulated indiistrie,s to help them reduce emissions as they transition from an old 
energy economy to a new energy economy which will protect both our environment and 
our economy. 

S Invest Aggressively in New Technologies and Deployment of Existing TechnD!o«ie,s: 
There is no doubt that we need a technological revolution to enter into a low carbon 
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economy. Il is critical that we design effective mechanisms to augment and accelerate 
government-sponsored technology R&D programs and incentives that will motivate rapid 
deployment of those technologies without picking winners and losers. Wc also want to 
include proposals to provide funding for carbon capture and storage and other critical low 
carbon technologies in advance of resources being available through the auction of 
emission allowances. We also need to aggressively deploy e.xisting energy efficiency 
technologies now to retrofit millions of homes, buildings and manufacturing facilities to 
reduce electricity costs for everyone. 

Treat States Equitably: Just as some groups of consiuners will be more severely 
affected by the cost of compliance, so too will our states. The allocation structure of a 
eap-and-tradc bill must be designed to balance these burden.s across states and region.s 
and be sufficiently transparent to be understood. 

Protect Americafs Working Families: Any legislation must recognize that working 
families are going to be significantly affected by any cap and trade legislation. Price 
relief for thc.se families must be included in tiny federal cap and trade program. For 
instance, tine way to provide some relief would be to provide additional allowances to 
ulilitie.s whose electricity prices are regulated, which would help to keep electricity prices 
low. 

Protect U.S. Manufacturing Job.s and Strengthen International Compctitivenciis: 

The Liebernian- Warner bill contains a mechanism to protect U.S. manufacturers from 
international competitors that do not face the same carbon constraints. If this mechanism 
docs not work, or is found to be noncomplianl with the World Trade Organization, then 
the program needs to be modified or suspended. The final bill must include enhanced 
.safeguards to ensure a truly equitable and effective global effort that minimizes harm to 
the U.S. economy and protects American jobs. Furthermore, we must adequately help 
manu,facturers transition to a low carbon economy to maintain domestic Jobs and 
production. 

Fully Recognize Agriculture and Forestry’s Role: Agriculture and forestry are not 
regulated under the bill but they can ccmlribule to reducing emissions by over 20% 
domestically. Furthermore, international deforestation contributes to 20% of global 
greenhouse gas emissiotis. Strong, aggressive and verifiable offset p,olicie.s can fully 
utilize the capabilities of our farmers and forests. A strong offset policy can also reduce 
the costs of a cap tuid trade program while maintaining our strong environmental goals. 


Clarify Federal/State Authority: Congress should adopt a mandatory federal cap-and- 
trade program that will be the single regulatory regime for controlling greenhouse ga,s 
emissions. Existing state laws and initiatives should be integrated into the federal cap- 
aiid-trade program where the policies do not conflict. Federal uniformity in this area 
.shouki be made clear in the statutory language to prevent cordlict in regulation, preserve 
overall efficiency, and ensure harmonization of regulations. Where a conflict exists, 
federal law need.s to clearly prevail. 
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• Provide Accountabilitj' for Consumer Dollars; The cap and trade program deveioped in 
the Liebermtm- Warner bid has the potential to raise over S7 trillion. Much of these funds 
will be indirecliy paid for by consumers through increased energy prices. The federal 
government has a fundamental obligation to ensure these funds ai c being spent in a 
responsible and wise manner. The development of any cap and trade program must 
recognize the sensitivity of this oblig^ipn and eliminate all possibility of wa.ste. Fraud or 
abuse. 


We look forward to working with you to ensure that miy final bill will address the problems 
of climate change ^vithout imposing undue hardship on our states^ key industrial sectors and 
consumers. 


Sincerely, 




3 
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Environment and Public Works Committee Hearing 
October 28, 2009 

Follow-Up Questions for Written Submission 
Questions for Vassey 

Question from Senator Amy Klobuchar 

1 , In Minnesota, we have strong, consistent policies in place that have promoted the development 
of homegrown energy - from biofuels, to biomass, to wind, solar, geothermal and hydro power. 
The reason we've had this success is that businesses know there will be demand for their 
products in the future and can plan to develop new products. On a federal level, this consistency 
has been lacking. As Secretary Chu said in his testimony yesterday, "On-again, off-again 
incentives will not drive the level of clean energy investment we need." Can you comment on 
this bill's ability to provide the private sector market certainty for homegrown energy projects 
and technologies? 

Answer from Brett A. Vassey, Virginia Manufacturers Association 
Dear Senator Klobuchar: 

Virginia may have been one of the first states to develop a comprehensive Energy Plan - 
httD://www.i;ovemor.virainia.gov/TempContent/2007 VA Energy Plan-Full Document.pdf 
Fortunately, we have taken an incentive approach to our growth, not necessarily a “command 
and control” regulatory approach. It can work. 

Unfortunately, this bill may create as much instability in existing markets as it creates stability in 
emerging markets. This bill seems to be exclusively focused on providing substantial subsidies 
to a very small sector of the economy. It also completely ignores the reality of the consumer or 
the demand aspects of this equation. Consumers want inexpensive, reliable energy and it is 
essential to the economic competitiveness of this country. Just because you create more 
government subsidized technologies does not mean that they are sustainable in the private sector. 

Most states have regulated utilities and/or municipal and/or cooperatives providing them with 
retail electricity. Due to the relationships between utilities and state regulatory bodies, like the 
Virginia State Corporation Commission, there is some level of predictability in the state code 
about how utilities operate and, in Virginia, how they are incentivized to produce certain 
outcomes. For example, Virginia allows investor owned utilities to receive certain enhancements 
to their returns on equity for selling retail electricity that is produced from renewable resources. 
This government incentive may have allowed for certain renewable projects to go forward due to 
the knowledge that there would be a government guaranteed return for those companies. The 
other side of this story is that the power is expensive and the projects have not produced all the 
jobs in Virginia. So, Virginia consumers may pay for jobs created in other states. This is 
analogous to the “leakage” issue that I mentioned in my testimony. This bill may give certain 
preferential treatment to certain technologies for energy production or conservation, but there is 
no guarantee that jobs to produce those products will be in the United States. Further, there is 
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ample evidence in the scientific and economic community that this bill will be unaffordable for 
most consumers. 

All energy products/technologies, whether solar panels or wind turbines, will have to compete in 
a global market. US manufacturers already operate at a substantial cost disadvantage due to the 
mountain of regulatory costs, litigation costs, liability costs, energy costs, labor legacy costs, etc., 
we have compared to our top 10 trading partners. So, how is it that these products will be all 
made in the US? It defies 20 years of evidence to the contrary. 

If you want to help provide predictability in the private market, create a world-class system of 
incentives (financial and operational) and work to flatten all costs of ail companies against every 
major international trading partner, if US manufacturers can make products that consumers can 
afford, they will be made in the US. 

For example, shouldn’t the bill address fast-track permitting or expanded loan guarantees for 
nuclear facilities? How about changing the Clean Air Act to allow industrial businesses to 
switch fuels regularly in response to markets and local biofuel producers? There are thousands 
of these types of recommendations that would expand the sustainable development of 
“homegrown” projects and teclmologies that would not require this concentration of Federal 
power and taxation. 

Thank you for the opportunity to share my thoughts. 


Sincerely, 

Brett A. Vassey 
President & CEO 

Virginia Manufacturers Association 
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Question from Senator George V. Voinovich 

S. Mr. Brett Vassey - CEO, Virginia Manufacturing Association - As 1 am sure you are aware, 
my slate of Ohio has for years been a leader in manufacturing, particularly with smaller mom 
and pop manufacturers. These manufacturing and design jobs represent thousands of well paying 
jobs that our economy depends upon. Could you discuss more in detail your concerns that 
provisions in this climate bill are not sufficient to prevent compliance costs from driving US 
manufacturing plants, like the ones in Ohio and Virginia overseas? Is it even possible to protect 
U.S. manufacturers under a cap and trade system? 

Answer from Brett A. Vassey, Virginia Manufacturers Association 

Dear Senator Voinovich; 

It is mv opinion that a ‘‘cap and trade” system of regulation will only harm domestic 
manufacturers , particularly those with facilities that cannot be relocated to other countries. It 
will add direct production costs and undefined indirect costs for operations. Virginia’s struggling 
manufacturing base is already at a substantial cost disadvantage to our top 1 0 trading partners in 
everything from taxation to tort costs today. This bill only adds new costs to our load. 

Speaking to the indirect “compliance costs,” they will be substantial and they are not addressed 
in this bill. These are like unfunded mandates to us. in fact, Virginia’s legislature has already 
documented the costs of our industry’s compliance with Federal and State environmental 
regulations and estimated those costs are between S606 million and $ 1 .72 billion per year 
(http://ilarc.virginia.gov/reDorts/Rpt342.Ddf . Chapter 3) today. We would suggest that the 
Virginia legislature’s report is a model for the nation. “Cap & Trade” will only increase costs. 

In addition, there was an attempt by our Governor to pre-empt the Federal Greenhouse Gas 
Reporting system currently in draft rule form at the US EPA during the last two legislative 
sessions. The indirect compliance costs to 580 industrial businesses targeted by the Virginia 
legislation to comply with a state-based GHG reporting system would have cost between SI 5.9 
and $26.5 million per year. It should also be noted that these indirect compliance costs only 
represented monitoring and administration - there are still other substantial indirect compliance 
costs that have not been valued (see attached chart). 

The direct costs estimated by Heritage, NAM and Beacon Hill are equally unaffordable. 
Manufacturers, in particular, are regressively taxed under this system. We will pay for the direct 
costs of fuel and electricity providers in order to run our plants. Our suppliers will pass along 
their increased costs to us in the form of more expensive components and/or services. 
Additionally, this system will tax and confiscate our productive capacity without compensation. 
This is the “trifecta” of costs. 

The challenge for manufacturers, particularly small and medium domestic manufacturers, is that 
many of their product sales are to large retail operations that have a goal of providing the 




Thank you for your leadership on manufacluring issues for our nation. 


Sincerely, 

Brett A. Vassey 
President & CEO 
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Senator Boxer. Thank you so much. 

So, we are now going to he, each of us, having 5 minutes each 
to question. And we will go with the early bird rule. 

I would like to start off, Mr. Klesse, with you, because you said 
something very strongly, and I know you feel it, and that is Amer- 
ican security is threatened by this legislation, by the Kerry-Boxer 
legislation. Those are your words. 

I would just like to say the opposite is true. And I am going to 
put into the record, to go along with your statement, the Center for 
Naval Analysis. They did a paper called National Security and the 
Threat of Climate Change. And some of the people on there are 
General Gordon Sullivan, Admiral Frank Bauman, Lieutenant 
General Lawrence Farrell, and they are from every area of our 
military, Anthony Zinni. So, I am just going to say I am putting 
three pages into the record. 

One statement here is projected climate change poses a serious 
threat to America’s national security. The other is climate change 
acts as a threat multiplier for instability in some of the most vola- 
tile regions of the world. And another is the U.S. should commit 
to a stronger national and international role to help stabilize cli- 
mate change at levels that will avoid significant disruption to glob- 
al security and stability. 

So, I just wanted to put this into the record because one of the 
reasons that we have so much strong support from these groups of 
military people, and also we have seen reports from the CIA, and 
I am going back to Republican Administrations, is because of the 
threat if we do nothing. 

And another point I want to counter, because you are vep^ clear 
on what you are saying, is that you worry about the jobs in Cali- 
fornia, and of course. Senator Feinstein and I we are very worried. 
As we look at the studies of job creation, I think that Ms. Gordon 
spoke to this, Mr. Foster and Mr. Brehm, the one area of growth 
that we have seen, even with this horrible recession which, as you 
know, has put out of work so many people basically starting with 
the housing sector and the lack of construction, has been clean en- 
ergy jobs. 

And we have seen, you know, 400 new solar businesses spring 
up. We have seen 125,000 new jobs. We have seen this, the per- 
centages are there already, even without this legislation. 

So, I have not yet seen a study that shows that we are not going 
to be dependent on domestic oil. Our goal is to stop sending $1 bil- 
lion out of the country for foreign oil, which we get from countries 
who do not like us, and keep the $1 billion here. 

[The referenced paper follows:] 
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Senator Boxer. So, Mr. Klesse, I just would like to ask you, do 
you see any truth in what I have just stated, or are we so many 
miles apart here? 

Mr. Klesse. Thank you. Chairman. Chairwoman. No. First off, 
we are not against working on the climate change issue. 

Senator Boxer. Good. 

Mr. Klesse. I stated that. The military is talking about the cli- 
mate change. I was speaking about fuels and the sourcing of fuels. 
We do import crude oil today, and we also import some products. 
The domestic refining industry, though, the jobs are here in the 
United States. The fuels are generated here in the United States 
from crude oil that comes from all over the world. 

Senator Boxer. Right. 

Mr. Klesse. If we want more crude oil, which is a whole dif- 
ferent subject, and we are not in that business, so it is very easy 
for me to speak about it, we should let the industry drill, and we 
should figure out how to hold them accountable. And as I said, we 
are not in that business. 

Senator Boxer. I understand. 

Mr. Klesse. But I was talking about fuels. And if you — the ac- 
tions that are being taken will adversely affect the domestic refin- 
ing industry. It will cause jobs to leave. Those fuels will have to 
be sourced elsewhere. 

Senator Boxer. Thank you. 

Mr. Klesse. No, green jobs, just, if I can, we are supportive of 
green jobs. We are not against green jobs. 

Senator Boxer. Good. 

Mr. Klesse. I told you we have a wind farm. So, we are not 
again those. 

Senator Boxer. Good. Well, I am glad we have some areas where 
we can 

Mr. Klesse. We have a lot of areas of agreement. 

Senator Boxer. Good. I am very glad. I want you to know, just 
in the bill, because it may, and I want to share this with you after- 
wards because my time is expiring here, I want you to see what 
we have tried to do to lessen the blow on the refineries, because 
we do have a lot of allowances going in that direction. But I will 
show you after this is over, if you 

Senator Klesse. If I could just comment on 

Senator Boxer. I must 

Mr. Klesse. In your State of California, at 2 percent allocation, 
Valero will have to buy, just for California, $850 billion of carbon 
credits in one form of another, and that is adjusted for the 2 per- 
cent. 

Senator Boxer. Well, let me again reiterate. What we are doing 
in our bill is we are trying to ease the burden on the smaller refin- 
ers, and we have a study here we will put in the record at the way 
we are easing the burden on oil. So, we will talk to you about it. 
We will take a look at it. 

And because of the extended answer, I must ask one other ques- 
tion to Mr. Brehm. In your testimony, you discussed the potential 
for growth of the U.S. solar industry. Can you describe the types 
of jobs that the cap on carbon in this bill and the additional invest- 
ment in renewable energy will create? The types of jobs. 
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Mr. Brehm. As you know from my testimony, we are particularly 
supportive, and for our company in particular, of U.S. manufac- 
turing jobs. We think those are actually the highest valued, most 
important jobs because that is where the U.S. has fallen behind in 
recent years. So, primarily manufacturing. But also, obviously, in- 
staller jobs, development jobs, project jobs, the operating jobs of 
solar facilities so really quite a plethora of across the spectrum jobs 
and real job generators. 

Senator Boxer. Thank you. 

Senator Inhofe. 

Senator Inhofe. Thank you. Madam Chairman. 

Mr. Klesse, you just stated, the very last thing you stated, in the 
State of California you would be forced, under these provisions, to 
buy $850 billion what of allowances? 

Mr. Klesse. Assuming that carbon sells for $20 a ton 

Senator Inhofe. OK. 

Mr. Klesse. We would be obligated to buy $850 billion a 
year 

Senator Inhofe. Just in California? 

Mr. Klesse. Just in California. 

Senator Inhofe. Who is going to ultimately pay that? 

Mr. Klesse. Obviously, the refining business is a very low mar- 
gin business. I know many people do not believe that. But it is. 
Valero, for instance, in 2006 made as much money as it had made 
in 25 years before that in the golden age of refining. So we will 
pass that cost through. 

Senator Inhofe. Exactly. So the people of California are going to 
be paying the $850 billion that you have to pay. 

Mr. Klesse. And they will see the price of fuels go up dramati- 
cally. 

Senator Inhofe. Yes. OK. 

Mr. Klesse, you did not, you alluded to, but did not have time 
in your opening statement, to talk about all of these organizations 
in terms of jobs. This is a job panel. We are going to have the Na- 
tional Security Panel in a few minutes. But this is — the CVO has 
testified to Congress that this, cap and trade, this type of arrange- 
ment, would cost a lot of jobs. EPA, CBO, EIA, CRA, the Heritage 
Foundation, all concluded that the bill would cause job loss. 

For example, EIA predicts cap and trade would cost some 2.3 
million jobs or 800,000 manufacturing jobs by 2030. Do you agree 
with that figure? 

Mr. Klesse. I agree that there will be a significant loss of jobs. 

Senator Inhofe. Mr. Vassey. 

Mr. Klesse. And I would also add that our people in Paulsboro, 
New Jersey, where we have a refinery, the building trade union 
came out yesterday and said very clearly they have no expectation 
of making solar panels in New Jersey. 

Senator Inhofe. OK. Mr. Vassey, you commented on the United 
States relative to Japan and Western Europe. I did not quite get 
that in terms of emissions. 

Mr. Vassey. What our basic suggestion is is that you may be 
looking at the metrics a little wrong from the point of view of how 
industry is measured in this. If you look at overall carhon emis- 
sions of the industrial sector as a percentage of each country’s over- 
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all emissions, the United States has the lowest at 11.5. Our major 
trading partners, which just also happen to be those countries try- 
ing to push us in this direction, are substantially higher 

Senator Inhofe. Where is China on that? 

Mr. Vassey. China is at 28 percent to our 11.5 percent. 

Senator Inhofe. All right. Now, if we all agree, and I think ev- 
eryone does, in terms of the 2.3 million jobs, then if some of those 
jobs are going over, obviously if we cannot produce the energy here, 
those jobs are going to have to find some place where there is en- 
ergy. Logically, it could be China. It is my understanding that 
China is cranking out currently some two coal-fired generating 
plants a week. 

Now, if that is the case, would it not be reasonable to assume 
that if those jobs go from here, where it is 11.5, to China’s where 
it is 28, we could end up with a net increase in emissions by having 
cap and trade only applying to the country of the United States? 

Mr. Vassey. That is the principle of leakage, which we are trying 
to point out is that it is pretty obvious that the energy intensive 
industries that are global will have options to produce in countries 
where they are wanted. 

Senator Inhofe. All right. And Mr. Klesse, you talked about the 
petrochemical jobs. Do you have any — you may want to do this for 
the record — any specific details in terms of the jobs that we have 
already lost? We have information from the NAM and others, but 
do you have any concerning your specific situation? 

Mr. Klesse. Well, I can comment on Valero. We have reduced 
personnel in Delaware City. This reflects not only the current eco- 
nomics in the economy, but clearly with this legislation, we will 
have to reduce and shut down other units. We also have an effort 
to reduce our costs in Paulsboro, New Jersey, and across our sys- 
tem. 

We have shut down units in Aruba, which is outside of the 
United States but does supply the United States with feed stocks. 
We have idled that refinery. And one of our competitors has idled 
a refinery in New Jersey. 

Senator Inhofe. All right. Well, let us get for the record specific 
numbers of people in jobs so we can plug that into the information, 
the testimony that we have from all of these groups that are al- 
ready mentioned. 

Let me make just one — my time has expired — just make one 
comment about what I think is going to happen. 

When we had the bill, the Markey bill, the Markey-Waxman bill, 
it passed the House by 219, a bare majority. Some of us are old 
enough to remember, back in 1993 and 1994 the BTU tax, which 
was a similar thing in terms of energy costs that we passed on to 
the American people as we have been talking about. That also 
passed the House by 219 votes, a bare majority, the same majority. 
And of course, it did not get anywhere in the Senate. 

So I certainly hope that you folks can get into as much detail as 
you can in terms of the numbers of jobs, manufacturing jobs, 
Valero jobs, where you think they would go, how that would affect 
our economy, and do that for the record. 

Thank you very much. 

Senator Boxer. Thank you. Senator Inhofe. 
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Mr. Klesse. Madam Chair, I need to correct. My people tell me 
I said billions, and it is $850 million a year. 

Senator Boxer. That is a big difference. 

Mr. Klesse. It is only a few zeros. 

[Laughter.] 

Senator Boxer. Well, the reason that is important 

Mr. Klesse. It is $850 million a year 

Senator Boxer. Yes. And we think you are going to be able to 
cover that. And we are going to put in the record the Stanford 
study that shows that the profits will be preserved for these compa- 
nies. But we will, this is a Stanford research study because of the 
allowance we are giving out, it is entered. 

But I am so happy you corrected the record because my heart 
stopped myself when you said billions because we have, we believe, 
covered the problem. 

Senator Cardin. 

[The referenced information follows:] 
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Policy Analysis Memo 

Profit Impacts of Allowance Allocation under the American Clean Energy 
and Security (ACES) Act 

Michael Dworsky, Marc A. C. Hafstead, and Lawrence H. Goiilder, Stanford University 
1 6 September 2009 


Introduction 

Last June the IJ.S, House of Representatives approved the American Clean Energy 
and Security (ACES) Act, a climate bill sponsored by representatives Henry Waxman (D- 
CA) and Ed Markey (D-MA), The Senate is now drafting its own climate bill. If the Senate 
approves its own proposal, an integrated House-Senate bill will then be voted on by the full 
Congress. 

A major element of the ACES Act is a federal cap-and-trade system. Under the Act, 
total emissions of greenhouse gases (GHGs) from major sources face a declining cap. GHG 
emissions from covered sources would need to decline by 17 percent relative to 2005 levels 
by 2020 and by 83 percent relative to 2005 by 2050. 

The Act would achieve the desired reductions by circulating a limited supply of 
emissions allowances to various covered industries. The Act’s impact on industry profits 
depends critically on how the value of these allowances is allocated to the covered industries. 

This Policy Analysis Memo provides results from simulations w-ith a general 
equilibrium model relating to allowance allocation under the ACES Act. This memo 
compares the allowance value allocation under the ACES Act with the allocation that would 
just maintain the profits of major industrial sectors at their business-as-usual levels.' The 
model shows that the Act provides most industries with more allowance value than would be 
necessary to maintain profits. 


^ This memo complement,s our recent SIEPR Policy Brief (Goulder, Hafstead, and Dworsky, 2009a), which 
examined the profit implications of a range of potential allocation designs. The policy brief did not consider the 
ACES Act’s allocation in any detail. The present memo focuses exclusively and sharply on the Act's 
allocation. 
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Allowance Allocation under the ACES Act 

The allocation of allowance value follows two distinct regimes under the ACES Act." 
Prior to 2025. almost all allowance value will be dedicated to reductions in retail energ)' bills 
for households and businesses, to direct aid to economically vulnerable industries and groups 
of households, and for various energy and environmental policy purposes. The.se goals will 
be served through both the awarding of free allow'ances and the use of revenues from 
auctioned allowances. Most of these provisions phase out between 2026 and 2030. after 
which time most permits will be auctioned to finance per-capita tax rebates ('‘Climate 
Cihange Consumer Refunds’") to households. 

Under the ACES Act, in each year to 2025 about 83 percent of the emissions 
allowances will be freely allocated to various entities, with the remaining 1 7 percent 
auctioned, .After 2025, about 30 percent will be freely allocated and 70 percent auctioned. 
The split between free allocation and auctioning of allowances does not by itself affect the 
distributional impacts of the ACES Act. What is critical is how the allowance value is 
distributed, no matter whether this value is conferred via free emissions allowances (which 
subsequently can be used or sold) or via transfers of the government’s auction revenue to 
various parties. 

Accordingly, we summarize here the Act's allocation provisions by defining five 
different ways in which the .Act distributes allowance value; 

• Direct Allocation to Firms via Free Allowances: In several industries, firms will receive 
allowance value directly in the form of free allowances. In the year 2020, for example, 
up to 18.7 percent of allowances will be directly transferred to petroleum refiiteries, 
trade-vulnerable industries, and merchant coal generators. ’ 

« Indirect Allocation to Firms am! Households via Local Distribution Companies: A large 
.share of allowances will be freely allocated to local distribution companies (electric and 
natural gas utilities). In 2020. for example, this share is 40 percent.'’ The law instructs 
these utilities to use this allowance value to finance reductions in the energy bills of their 
industrial, commercial, and residential retail customers. The reductions that accrue to 
each class of ratepayers is to be proportional to the energy consumption of that cla.ss. 

• Direct Transfers to Households: In every year of the cap-and-trade program, 1 5 percent 
of allowances are auctioned to finance lump-sum rebates to low-income households. 


' .Allowance allocation is addressed in Title VH. Part H of the ACES Act. 

^ Allocations to Trade-Vulnerable Industries and Merchant Coal Generators under the Act are based on each 
firm's annual sales. In our simulations, we abstract from the output-based nature of these allocations and 
assume that the maximum allowable quantity of allowances is distributed to each industry group in eveiy year. 
See the web appendix to this policy analysis memo for details. 

■' The total allocation to electric and natural gas local distribution companies is actually 44 percent in each year 
during the interval 20 1 6-202.S, However, allocations to merchant coal generators are deducted from the pool of 
allowances allocated to electric utilities, resulting in the 40 percent figure presented here. 
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Additional allowances - 1 .5 percent in the year 2020 - are freely allocated to state 
governments to fund assistance to non-industrial users of home heating oil. The state 
governments would siihsequently sell these allowances and devote the proceeds to 
households. 

• Policy Initiatives: Under the ACES Act, most of the allowance value not dedicated to 
one of the above three general categories is used to fund over a dozen policy initiatives 
either by allocating allowances to governments and private actors or through dedicated 
use of auction revenues. This represents a significant share of the total allowance value - 
24 percent in 2020. Among various social, energy, and environmental goals, the largest 
programs in this category aim to fund energy research, prevent deforestation, and 
encourage carbon capture and sequestration projects. 

• Deficit Reduction: In years 2025 and earlier, allowances not eisew'here allocated will be 
auctioned to finance deficit reduction. The provisions described above absorb most of 
the allow'ance value; hence this provision is likely to account for a very small share of 
total allow'ances in the cap-and-trade system. Under our assumption that output-based 
allocations to industry reach the statutory maximum, less than one percent of allowances 
are available for deficit reduction in 2020. 

Table 1 indicates the shares of allowance value falling in each of these five general 
categories. The finst two categories are especially important in our analysis, since they 
represent sources of the allowance value that firms receive for free. Firms receive this value 
either directly from the government in the form of allowances, or indirectly through 
reductions in utility energy bills. 


Simulating the ACES Act 

We apply a multi-period numerical general equilibrium model of the U.S. economy to 
assess the profit impacts of the ACES Act’s allocations. The model divides U.S. production 
into 25 industry categories, giving close attention to energy supply and use. The model 
offer.s a unique treatment of capital dynamics, enabling it to assess the extent to which firms’ 
assets would be stranded by cap and trade and the associated implications for profits. The 
niodefs structure is described in Goulder and Hafstead (2009); its data are documented in 
Hafstead. Mahoney, and Goulder (2008). 

We perform two main types of policy simulations. In one, we allocate allowance 
value to firms and households according to the specifications of the ACE.S Act. In the other, 
we allocate just enough free allow'ance value to various industries to preserve the profits in 
those industries. In both simulations, the time-profile of total allowances circulated matches 
that of the ACES Act. 

The provisions of the Act largely focus on quantities of allowances devoted to various 
purposes. The allowance value associated with these quantities will depend on allowance 
prices. A critical determinant of these prices is the availability of offsets (see Goulder, 
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Hafstead. and Dworsky, 2009b), and this availability is highly uncertain. Accordingly, we 
introduce a range of assumptions about the availability of offsets.' 


Simulation Resuhs 

Table 2 shows the results from our simulations under central case assumptions. In the 
first numbered column we indicate the total allow'ance value offered free to each of the major 
industry categories, as well as (in parentheses) the free allowance value offered through 
direct provision of allowances. The second numbered column shows the percentage changes 
in the present value of profit over the interval 2009-2030 that result from this freely offered 
allowance value. The third numbered column indicates the free allowance value that would 
be needed by each industry category to preserve profit over the 2009-2030 interval. 

According to our central case simulations, U.S. industry overall receives about 1.8 
times the value of allowances needed to maintain profits. The petroleum refining industry, in 
particular, receives about two and a half times the value of allowances it would need for 
profit-preservation. The industries categorized as trade-vulnerable receive about three times 
as many allow'ances as profit-maintenance would require. In contrast, coal-fired electricity 
generators receive about three quarters of the value of allowances needed for profit- 
preservation. The direct compensation provided in the ACES Act reduces this industry's 
present-value loss of profits over the interval 2009-2030 to 4.3 percent from a 1 5.4 percent 
loss in a scenario where no allowances are given out free.'' 


■’ To estimate an offset supply cuwe, we begin with the latest El’A estimates on potential domestic and foreign 
offset supplies, The Congressional Budget Office (CBO) recently reported that the EPA foreign offset 
estimates do not reflect the true cost due to transaction and verification costs. We scale the foreign offset 
supply curve to match CBO foreign offset estimates, svhich are reported in 
hlt D:t''WWV v.cbo. gOv . tti:)docs/l04 .< X:-(jocl0497.'U8-U.t-t)IT scis.pdl'. 

Our model may lead us to overeslimate of the adverse impact of the ACES Act on coal generators for several 
reasons; 

(i) We model the output-ba.sed allocations to merchant coal generators as lump-sum allowance transfers, in 
fact, output-based allowance allocation effectively provides a subsidy for increased output, which mitigates 
the impact of emissions caps on fimts' profits. 

(ii) We have assumed that coal-fired generators receive none of the allowance value that is provided to 
other industrie,s indirectly by way of local distribution companies. These companies may in practice set 
rates so that some of this compensation ultimately benefits merchant coal generators or vertically integrated 
utilities with coal generating .assets. Reductions in consumer energy bills - even if confined to the fixed 
component of those bills, as the law intends - are likely to increase sales, reducing the profit losses to 
utilities and generators relative to our simulation results. In testimony before the Senate Finance 
Committee, Burtraw (2009) estimates that this effect would increase generator profits by $2..S billion per 
year over 20 i 5-2020 in regions of the counlo' with competitive wholesale markets. Our model does not 
account for this market response, which is of a similar magnitude to yearly direct compensation to coal 
generators over this period. 

(iii) We do not allow for carbon capture and sequestration (CC.S) technology in our siimilation.s. CCS 
would make the use of co.al more economically viable, and the installation of CCS at electric generators 
would nigger additional allowance allocation to these facilities under Subtitle B of Title i of the ACES Act. 
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Our central estimate is that, in total, U.S. industr)' receives $134 billion more in free 
allowance value over the period 2012-2030 than is needed to preserve profits over that 
period. This amounts to about $7 billion per year in 2009 present value, or $60 per 
household per year,^ 

Table 3 compares the ACES Act and profit-preserving allowance value allocation 
under differing assumptions for the cost of offset supply.* In the low-cost offset scenario, 
offsets play a larger role, reducing the need for emissions reductions from covered domestic 
sources. This reduces the demand for emissions allowances and leads to lower allowance 
prices. This implies, in turn, that the allowance values associated with the given allocations 
of emissions allowances under the ACES Act are lower than in the central case. Although 
the Act still provides more free allowance value than is needed to preserve profits, the 
difference between what the Act provides and what is needed for profit-preservation is 
smaller than in the central case. This difference is $90.2 ($2 10,5-$ 1 20.3) billion, as 
compared with $134,0 ($294,6-$! 60.6) billion in the central ca.se. 

In the high-cost offset case, the effects work in the opposite direction. This scenario 
implies higher allowance prices and magnifies the differences between the value of 
allowances provided under the ACES Act and the value needed for profit-preservation. Here 
the difference is $168,4 ($357,6-$ 189.2) billion. 


Conclusions 

The results from our numerical general equilibrium model indicate that by providing 
U.S. industries with a relatively small fraction of the allowance values created by the ACES 
Act, profit losses associated with the introduction of a cap-and-trade program can be 
avoided. Thus, sustaining profits is consistent with devoting to other social purposes a 
substantial share of the allow'ance value created by the ACES cap-and-trade program. 

We find that the ACES Act provides industry with 75-89 percent more allowance 
value than is needed to preserve industry profits. The range reflects different assumptions 
about the costs of supplying offsets. A large fraction of the allowance value received by 
firms arrives indirectly - after being transformed into reductions in electricity bills. The Act 
devotes a large share of the allowances to local distribution companies, which would be 
obligated to .sell these allowances and use the proceeds to finance reductions in ratepayer 
bills, including industrial ratepayers. As a result of the direct and indirect allocation of 
allowance value, most energy-intensive industries are likely to enjoy increased profits under 
the ACES Act. 


’ The total number of U.S, hou.sehold,s for this calculation is the Census Bureau’s estimate for 2008, available 

at: http://w'vw.census.gov.'popiilalion/ ww\v /socdemo,' hh-fam/cp s 2008 .httnl. 

* In the low-cost offset ca.se, we as.sume that the cost at each level of quantity along the .supply curve is .50 
percent of the cost in the central case. In the high-cost case, we assume the cost is 1 50 percent of the central 
case cost. 
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Table 1: Allocation of Allowance Value in the ACES Act 

- percentages of total value — 



2020 

2012- 

2030 

Average 

Free Allocation to Industry 

Direct Allocation via Free Allowances 

18.7 

15.9 

Indirect Allocation via Local Distribution Companies 

29,1 

25.0 

Free Allocation to Households 

Indirect Allocation via Local Distribution Companies 

10.9 

15.8 

Direct Transfers 

17,0 

15.0 

Funding of Policy Initiatives 

23,5 

26.6 

Deficit Reduction 

0.8 

1.8 
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Table 2: ACES Act Allocation vs. Profit-Preserving Allocation 
Outcomes over the Interval 2009-2030 



(1) 

(2) 

(3) 

(4) 


ACES ACT 

1 Profit- 

Preserving 

Allowance 

Value’ 

Ratio: 

{1)/(3) 


Allowance Value 
Offered’-^ 

Percentage 
Change in 
Profit’ 

Coal-Fired Electricity- 
Generation 

22.6 (22.6) 

-4.3 

31.1 

0,73 

Trade-Vulnerable Industries 

143.1 (84.1) 

2.1 

44.4 

3.22 

Petroleum Refining 

11,3 (10.2) 

2.7 

4.5 

2,50 

Other Industries 

117.6 (0.0) 

0.4 

80.6 

1.46 

Industry Total 

294.6 (117.0) 

0.5 

160.6 

1.83 

Industry Total as Percent of 
Economy's Allowance Value 

40.5 (15.5) 


21.3 



Total emissions associated with freely provided allowance value, 2009-2030, in billions of 
COj-equivalent tons: 

ACES Act: 56.2 

Profit-Preserving Allocation: 17.0 

’ Present value over the period 2009-2030, in billions of 2005 dollars. 

^ The numbers in parentheses are direct free allowances to industry 
^ Percentage change in the present value of profit over the interval 2009-2030 
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Senator Cardin. Thank you, Madam Chair. And let me thank all 
of the witnesses for their testimony. 

Let me just urge people to take a look at this entire bill. There 
are significant amounts of allocations that go to help the consumers 
and to help industries in transition, which is not reflected in the 
numbers that we are given. So, I think you need to take a look at 
what this bill does in its entirety. 

And let me talk for a moment about leakage. I heard Senator 
Voinovich, in his opening statement, talk about the concern about 
the provision in the House bill which, by the way, is not in the ju- 
risdiction of this committee, so it will be taken up. Senator Carper, 
in the Finance Committee. 

We are concerned about leakage. I think that is an issue we need 
to work together on. I have urged our negotiators in Copenhagen 
to deal with enforcement. And I would hope that we would get the 
support of industry here working with our colleagues around the 
world to say look, we do need an enforcement provision in the Co- 
penhagen agreements. 

We need to set reasonable targets in Copenhagen, we need to 
have a mechanism to achieve those targets, we need to deal with 
the financing issues of third world nations, and we need to deal 
with enforcement. 

And we would be far better off if Copenhagen deals with enforce- 
ment so that there is an international regime that says that if a 
country does not do its obligations internationally, such as China 
or India or any other country, when their products enter the inter- 
national marketplace that there will be an assessment on that 

[Audio gap.] 

We just work together and get that into the Copenhagen agree- 
ment. I have not heard very much from industry helping us in put- 
ting the focus where it should be in the negotiations that are tak- 
ing place internationally. And I agree with Senator Voinovich that 
it would be far better than to try to do deal with this through the 
WTO and individual countries acting. 

So, there are answers to these questions. So, let us work in a 
constructive way. 

Mayor Nutter, I agree completely with your point that where we 
are looking at the source, where most of the new jobs are going to 
come in America, are going to come from the new technologies, the 
technologies that were developed here. This is going to create jobs 
in our communities. 

I have already given examples in my own State of Maryland with 
the new technologies for automobiles and trucks in White Marsh. 
I could have used the algae ethanol technology that is being ad- 
vanced by a relatively small company in downtown Baltimore that 
is developing this technology that we hope will be able to give us 
alternative fuels that will not have a disruption on our food chain, 
which is important, I think, for our economy. 

And Mr. Brehm, on solar technology, Maryland is a leader on 
solar technology. The number you gave, I think you said a 40 per- 
cent increase in the first 6 months from last year. That is an in- 
credible growth rate, and I know it is still a relatively small part 
of the overall mix. But if we can duplicate that type of growth in 
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solar production, that could have a dramatic impact on meeting our 
needs and creating jobs here locally. 

What do we need to do in order to duplicate that and make sure 
that continues? 

Mr. Brehm. Well, clearly the policies advocated by, that would 
be put in place by this bill, would set the base for the entire renew- 
able energy industry. Because once you get certainty on price on 
carbon, then people start to make the long-term commitments, the 
long-term planning. 

And then, as some of my colleagues have also commented, incen- 
tives it would put in play, that can be put in play to encourage U.S. 
manufacturing of these technologies, would be hugely beneficial. 
And I happen to be familiar with, of course. Senator Brown’s im- 
pact data. But I believe there are some other opportunities out 
there as well. 

The combination basically, this bill here creates a demand. Some 
other acts that Congress could take on would then create the sup- 
ply- 

Senator Cardin. Let me, I think that is a critical point. Predict- 
ability is so important for investment. Industry knows how to ad- 
just if they know what to expect, and investors will deal with that. 
I agree with Senator Alexander on the point of nuclear investors. 
One of the reasons we have been unable to get investors in nuclear 
energy is because of the uncertainty. We have got to change that. 

This bill, I think, in a way does change it. Not in a way. It does 
change it, because it gives a predictable return for energy sources 
that have a friendlier carbon footprint. That is going to be good for 
investors in nuclear energy as it will be in solar energy. 

That is what, I think, is the most exciting thing about this bill. 
Madam Chair, is that we unleash the American economy with pre- 
dictability so investors can invest and the creative ingenuity can 
solve this problem and create jobs and keep jobs here in America. 

Thank you. 

Senator Boxer. Thank you very much. 

Senator Alexander. 

Senator Alexander. Thank you. Madam Chairman. 

I want to go back to Mr. Klesse for just a minute. You mentioned 
a figure which I think is accurate that refiners in America would 
have to buy about $63 billion of allowances a year. Am I accurate 
about that? 

Mr. Klesse. That is assuming $20 

Senator Alexander. The $20. But it could be more than that 
over time? 

Mr. Klesse. It could be. 

Senator Alexander. But let us say, conservatively, that it is $20. 
Basically, what you are in the business of is taking oil that comes 
from all around the world, but mostly in the United States, is that 
right, and turning it in, and refining it in a way that we can drive 
it in our cars and trucks? 

Mr. Klesse. We take oil from all over the world and refine it. 
But more oil is imported today than is produced domestically. 

Senator Alexander. So, in the scheme of things, the way this 
bill works, you are responsible for the oil, the fuel that all of us 
use. If I drive to work in a car, I do not pay anything under this 
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cap and trade bill. You pay it for me, in effect, with the allowances 
that you would buy every year. Is that right? 

Mr. Klesse. I would pay for the allowances. We would get the 
allowance, but everything above that we have to assume the cost. 

Senator Alexander. Yes, but what you were saying in answer to 
one of the questions was that $63 billion a year basically would be 
passed on to the gasoline taxes and fuel taxes we pay. Correct? 

Mr. Klesse. It has to be. This business is very efficient. Our 
total 

Senator Alexander. Well, let me just ask, have you computed 
how much of an increase in gas, in fuel prices, that would be? 

Mr. Klesse. There are numerous studies out. We have used in 
the middle, the 77 cents which in 2019 is the half way. It assumes 
no international offsets. If you take that number, and today we 
have $2.50 gasoline, so it would be a third. It is a 30 percent in- 
crease. 

Senator Alexander. A 30 percent increase. So that is 

Mr. Klesse. That is from this regulation 

Senator Alexander. From $2.50 to $3.30 or $3.40? 

Mr. Klesse. That would be correct in 2019. 

Senator Alexander. Now, we have had testimony from, among 
others. Dr. David Greene of Oakridge Laboratory, which basically 
says that an economy-wide cap and trade is a poor way to reduce 
carbon because it has the effect of raising the price, as you just 
said, 80 cents, but it is constructive but insufficient impact on vehi- 
cle travel and fuel consumption. In other words, that while we bear 
a lot of pain from the effect of an economy-wide cap and trade on 
our fuel prices, we might not change our behavior. Do you know 
anything about, is that true? 

Mr. Klesse. Yes. I understand the questions would be clearly 
does the higher price, in that range, actually change consumer hab- 
its. 

Senator Alexander. And your experience is? 

Mr. Klesse. Our experience would be in Europe and in Canada 
that it may not. 

Senator Alexander. That it may not. So, we might have the sit- 
uation where fuel, being 30 percent of all of the carbon we produce 
in the United States, we raise the price but do not reduce the car- 
bon. So basically, all we have done with this bill is raise the price 
of gasoline and fuel. 

Mr. Klesse. That is correct. It is a tax, but it also places this 
industry at a competitive disadvantage internationally. This is a 
very global business. 

Senator Alexander. Let me ask Ms. Gordon, and to other wit- 
nesses, many of you have mentioned clean energy or green energy. 
Do you mean by that any form of energy that is carbon-free? Do 
you have a definition for it? 

Ms. Gordon. I think that low carbon technologies is usually 
what we say. 

Senator Alexander. Low carbon or no carbon? 

Ms. Gordon. Yes. 

Senator Alexander. So, would you agree that if we have sub- 
sidies and incentives or focus that we ought to look at the whole 
wide range of low carbon or no carbon 
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Ms. Gordon. Sure. I think we should look at a range. We should 
look at a range that includes cost competitive technologies and 
measure those the way we measure technology in general. 

Senator Alexander. Does anyone on the panel disagree with 
that? As we generally speak of clean or green technologies, would 
you agree that we ought to he equally interested in all forms of say, 
electricity production that would produce no carbon or low carbon 
electricity. Anyone want to comment on that? 

Mr. Brehm. I am speaking for myself and my company. I actu- 
ally do not know the Solar Energy Industries Association position 
on nuclear, but we are located actually in eastern Washington, 
where Hanford is, Hanford Nuclear Site is. Pacific Northwest Na- 
tional Lab, and we are actually very pro-nuclear. We believe that 
nuclear and solar, in particular, are very complementary. 

Senator Alexander. That winds up, my time is about up, but I 
would like to mention is, according to the Department of Energy, 
the direct jobs produced by 100 new nuclear reactors would be 
250,000. That would be three times as much as building 180,000 
wind turbines. Seventy percent of our carbon-free electricity is nu- 
clear, and as I listened to the whole range of panelists, no one men- 
tioned nuclear power, which we invented, which produces 70 per- 
cent of our carbon-free electricity, which the rest of the world is 
using, and we have not started a new nuclear plant in 30 years. 

So my plea is, and Senator Cardin mentioned that, he has been 
a consistent supporter of nuclear power, so if have got a form of 
energy that will solve our problem, and I will conclude. Madam 
Chairman, with this comment. My view is that if we built 100 nu- 
clear plants, if we electrify half the cars and trucks, and if we had 
mini-Manhattan Projects in energy R&D, we could reach the Kyoto 
goals in 2030. 

We have got 40 Republican Senators who support what I just 
said and many Democrats. I do not know why we do not do it. 

Mr. Brehm. May I respond? As far as I am concerned you may. 
Is this appropriate. Madam Chair? 

Senator Boxer. Well, just if you could make it brief because we 
are over the time. Go ahead. 

Mr. Brehm. Again, as I pointed out, we are certainly very pro- 
nuclear. But to answer your point earlier, where you talked about 
France, France also views nuclear and solar as being very com- 
plementary. In spite of the fact that France gets 70 percent of their 
power from nuclear energy, they just implemented one of the 
strongest pro-solar feed in tariffs in the world. So, they are very 
complementary technologies. 

Senator Alexander. I agree. 

Senator Boxer. OK. 

Senator Specter. 

Senator Specter. Thank you. Madam Chairwoman. 

Mayor Nutter, it is quite a compliment to the city of Philadelphia 
that you have been selected to present the testimony for the United 
States Conference of Mayors. The testimony that you have given is 
a win-win situation here on green jobs and energy saving. 

Mr. Nutter. Yes. 

Senator Specter. I note that you have allocated more than $33 
million to retrofitting and job training for young people, $14.1 from 
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the formula allocation from the stimulus package and $19 million, 
$11 million from the Community Development Block Grants. But 
the city of Philadelphia has put up $8 million on its own, and it 
provides some 800 trainees with as little as 2 weeks’ training on 
weatherizing and retrofitting. 

What kind of an impact do you think that will make on other 
considerations like crime control in the city of Philadelphia? So 
that, by putting these people to work, it obviously is a real prob- 
lem, so you attack the issue in a number of directions, jobs, energy 
efficiency and crime control. 

Mr. Nutter. Senator Specter, it goes without saying that for the 
city of Philadelphia specifically, which presently, unfortunately, 
has an unemployment rate of 10.7 percent, and many economists, 
local economists, anticipate that will grow, putting people to work 
has to be our No. 1 priority. 

And I would only suggest here that the best anti-crime program 
is a job, that when people are working, they are much less likely 
to be involved in negative or illegal activities. That is why we have 
focused so much of our dollars in the green economy area. 

Just this past Monday, I was at a press conference with Maxwell 
Education Group. They received a $150,000 grant from Workforce 
Investment, economic recovery dollars. Twenty-four men graduated 
from their training program. That particular program is 8 weeks. 
Monday was their last day of training. Every one of them will walk 
into a job this week. Five of those 24 individuals are ex-offenders, 
six of them are military veterans most having just recently served 
in our international war efforts. 

These programs work, and they put people to work. All 24 of 
those men who graduated on Monday are dislocated workers. None 
of them were currently employed. All of them will be employed by 
the end of this week. 

Senator Specter. The important factor. Mayor Nutter, is that 
the jobs you are giving them will have application in the private 
sector as well. 

Mr. Nutter. Well, Senator, all 24 of them will be working in pri- 
vate sector jobs. None of them will be working for me or for the 
city of Philadelphia. The industry is demanding so many workers 
that there is capacity out there for these individuals. They will all 
be working in the private sector. 

These are not make work jobs. These are not what anyone might 
think of public service jobs. These are private sector jobs paying a 
good wage. These individuals will be able to sustain themselves. 

And the opportunity for entrepreneurship in this particular in- 
dustry, I believe, is limitless. People will go from training to entry 
level jobs and eventually many of those individuals will start com- 
panies of their own. And for us, of course, everyone working, pay- 
ing taxes is what will help turn America’s cities around. 

Senator Specter. I turn now to Mr. David Foster, another Penn- 
sylvanian, a representative of the BlueGreen Alliance launched by 
the United Steelworkers and also by the Sierra Club in 2006. 

I note at the outset that the United Steelworkers, which is very 
much concerned about jobs and very much concerned about foreign 
imports and what China and India are doing, has endorsed the 
House bill. 
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I was particularly interested in the part of your testimony where 
you specified that the studies which you have conducted on renew- 
able electricity standards show that there is the potential for cre- 
ating some 850,000 manufacturing jobs, and you specified quite a 
number of States. And when it turns to Pennsylvania, 42,000 new 
jobs will be created. 

There have been a lot of comments on the committee about job 
loss and about impact on the traditional American industries. And 
there is no industry more zealous of its standing than the Steel- 
workers. Leo Girard, the president, scoffs at the idea of protec- 
tionism and says I want to talk about law enforcement. The Chi- 
nese are violating our trade laws under WTO. 

My question to you is, explain the confidence level of the United 
Steelworkers in supporting this kind of legislation when we have 
heard so many objections raised by some members of this com- 
mittee on the jobs issue. 

Mr. Foster. Thank you very much. Madam Chairman. 

Senator Specter, I think you have pointed at a very critical issue, 
and it underscores the fact that, while there is a problem with car- 
bon leakage, as we think about climate change solutions, there is 
a simple and elegant solution. And we achieved that in the work 
we did with the House committee in a three-pronged approach that 
said energy intensive industries need assistance through allowance 
allocations during the early years of the regime. 

Then we need to have a push to have international sectoral 
agreements, and we need to frame that up and urge our nego- 
tiators and the world’s negotiators to take part in trying to solve 
these industry by industry in the energy intensive trade exposed 
industries. And if that does not work, then we need to have a date 
certain at which border adjustments would back stop that effort. 

And if we do that, we are creating a system that allows us to go 
forward with great confidence that American industrial workers 
who are among the cleanest of producers of products in the global 
economy, that has been stated and I wholeheartedly agree with 
that, that those workers can participate in the global economy, 
produce the products that we need to build a clean energy infra- 
structure in this country, and do so with the assurance that their 
jobs are going to continue on into the future. 

Senator Specter. Thank you very much. 

Thank you. Madam Chairwoman. 

Senator Boxer. Thank you. Senator Specter. 

Senator Barrasso. 

Senator Barrasso. Thank you very much. Madam Chairman. 

I would like to continue a little bit talking about some of the im- 
pacts on the economy, and Mr. Klesse, if I could, you know, I ap- 
preciate your testimony today. It is good to hear from folks really 
on the ground who will feel the impact of this cap-and-tax scheme 
first hand. 

Green jobs are being touted as our economic salvation, but I be- 
lieve we need all the jobs, green jobs as well as the red, white and 
blue jobs that power our country. I do not think we ought to be 
here in this room picking winners and losers when it comes to 
American jobs. 
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I have concerns about the impact that this will have, the bill will 
have, on electricity consumers in the Rocky Mountain West. And 
in Wyoming, coal provides roughly 95 percent of our electricity. 

I know Senator Inhofe already asked about mandates in this bill 
and what they were going to do to your power production costs. I 
believe you said they were going to be increased. Then he asked 
what was going to happen as a result of that in terms of, you know, 
the costs, would they be passed on directly to consumers, your cus- 
tomers, and you said yes, they would. 

So, what do you see happening specifically in the Rocky Moun- 
tain West, places that are more reliant on coal? Are they going to 
be disadvantaged by this bill? 

Mr. Klesse. Well, I am in the oil business, the refining business. 
So coal is much harder for me to speak about. However, we agree 
on energy generation, power, that it should come from nuclear, 
coal, natural gas, geothermal where it can, solar if it is appro- 
priate. But we should not be penalizing these core businesses. 

When I speak, we have four USW unions, different locals, at our 
plant. When I speak to the rank and file people, they understand 
this issue very quickly. And even though the general, Leo Girard, 
has his coalition, very clearly the rank and file people are very con- 
cerned. 

The refining industry is under stress. We have CAFE standards 
coming in, which is lowering the carbon footprint. We also have the 
RFS and those are, in fact, reducing carbon emissions. But they 
also then are affecting the domestic refining business and this type 
of legislation just compounds it. 

But on coal, it is very difficult for me to give 

Senator Barrasso. And then, the cost to the consumer as the re- 
sult of all of this? 

Mr. Klesse. It has to go up. It is a tax, the tax will be passed 
through. I was going to say earlier, our total cash operating costs 
in refining, cash operating, are 10 cents a gallon. That does not in- 
clude profit or depreciation. So this is a very low cost, very pennies 
business. 

Senator Barrasso. And Mr. Vassey, if I could, someone said that 
the new regulations and Federal spending to mitigate these green- 
house gas emissions are going to create new job opportunities for 
some sectors of the economy. But those jobs, I believe, are going to 
come at the expense of activity elsewhere in the economy. 

So, in terms of your State of Virginia, what do you see hap- 
pening, kind of 10 years from now, in terms of manufacturing and 
the expenses of that and the costs if this bill becomes law? 

Mr. Vassey. What we see, as we testified earlier, the companies 
that are in the global commodities business, those that are in 
paper, that is about 15,000 employees. Senator Inhofe, those that 
are in chemical and plastics, that is another 40,000. Those are the 
companies that are going to be in jeopardy because they will have 
options elsewhere. 

But also, they have very limited margins, just like refining, that 
they have to work with, and any fluctuation in their supply chain 
or in their regulatory burden they cannot pass through. Customers 
will not pay it. 
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The other things that I will share with you, we see decline in 
that, which is not good. We do not see immediate replacement with 
this provision. There needs to be some address to that. The other 
thing in my testimony, I said that just the threat of this coming 
will have immediate consequences. 

And to your question about coal, we had a meeting this week 
with some of the coal producers, and we have now learned, which 
I would encourage the committee to review, many of the inde- 
pendent coal producers in Appalachia are being brought out by 
Eastern European companies for the express purpose that they are 
looking down the line and trying to preserve their family, their par- 
ticular investment. 

But the Eastern Europeans, as we understand it, see this as an 
opportunity that the United States is going to cap and trade their 
economy, but they will have access to raw materials so they can be 
the steel producer of the world in Eastern Europe. I think that is 
something worth knowing, that acquisition of American companies. 

Senator Barrasso. When you used the phrase opportunities else- 
where, you were not talking about cross-State border, you were 
talking about jobs moving, leaving the country and going overseas. 
Is that a correct assessment of your evaluation? 

Mr. Vassey. We do not see these companies as non-competitive. 
That is not the issue. The issue is that their margins and their 
pricing for consumer products they simply cannot pass along. So, 
they will find a place. They will find a way, they always have, to 
produce and sell in this economy. 

Senator Barrasso. Thank you. 

Thank you. Madam Chairman. 

Senator Boxer. Senator Whitehouse. 

Senator Whitehouse. Thank you. Madam Chair. 

Mr. Vassey, I was delighted by the focus of your testimony on the 
problem of leakage and the promise that I hope that brings of the 
industry representatives paying more attention to the problem of 
enforcement. 

I have detected a decidedly mixed message from industry on the 
question of trade enforcement because it has been so advantageous 
for CEOs and management to offshore jobs, find lower wage rates 
overseas, and it has not been in their best interests to push very 
hard at the fact that those overseas jobs often violate environ- 
mental laws and treaty requirements, labor laws and treaty re- 
quirements, workplace safety laws and treaty requirements. 

So, I see that David Foster is here. I know that the cost of the 
offshoring hits the labor community particularly hard as jobs gets 
picked out of America and moved by management to foreign coun- 
tries to seek that labor advantage and the parallel advantages of 
that environmental law, bad labor law, bad workplace safety condi- 
tions. 

And so, I am hoping that what we see here is the beginning of 
an industry-labor coalition that will take what had been our policy 
of conspicuous non-enforcement and change that and also work 
very hard to assure, as both of you wish to, to assure that this bill, 
when it goes forth, particularly including the package that comes 
out of the Finance Committee that relates to the border adjust- 
ments, is really tough. 
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And if we have to tangle with the WTO a little hit on this sub- 
ject, I am perfectly happy to do that. But this is, I just wanted to 
make that point. Both of you are here. It is not often that industry 
and labor are in such apparent agreement, and I wanted to take 
a moment to highlight that, and I will give you a chance to make 
a brief comment on that if there is time. 

But I wanted to ask Dan Reicher something, which is that we 
have talked a lot about the smart grid, and smart grid has become 
jargon to a lot of us who are very familiar with these issues. 

Google is a very forward looking company. You have a very for- 
ward looking position in that company. I would like to ask you to 
take a few minutes to try to make real for people who may be 
watching some of the kinds of changes that might happen in the 
middle class American home, that people might see as the con- 
sequences of smart grid and how that will work itself out in the 
lives of consumers. 

And the core area of that question is what kind of products 
might we be building here in America to make those new services, 
technologies, appliances possible? 

Mr. Reicher. Thank you. Senator Whitehouse. First of all, the 
smart grid seems to mean a million different things to a million 
different people. But I think, when all is said and done, what it 
does is it gives people a lot better information about their own en- 
ergy use, whether it is in their home, in their factory, in their busi- 
ness. 

And I think where energy technology and information technology, 
ET meets IT as we put it, where that intersection is, we can do so 
much, I think, to deal with some of the problems we are talking 
about today, to lower the costs of energy use, to green up energy 
supply. There is so much we can do. 

And at Google we are very, very excited about it. We have 
launched a product, we call it Google Power Meter, we give it away 
for free. It is a piece of software, and it lets people know in near 
real time how much electricity they are using in their home. You 
can go on your smart phone, you can go on your laptop. I have pro- 
vided some handouts today that will show you what you get. But 
when you go on your laptop, you go to the home page where you 
might show your stocks and your weather and the sports scores, 
and you will also see how much electricity you are using in real 
time. 

And it is quite extraordinary what people discover. One of my 
colleagues found out that he was paying for the washers and dryers 
in his apartment building. Another discovered what that second re- 
frigerator in the garage with the one six-pack of beer in it was real- 
ly costing him. Another woman discovered that the pump in her 
pool had been operating non-stop for years. 

The electric motor in my furnace, I did not realize that it was 
40 years old, and every time it popped on I was hitting 1,000 watts. 
The furnace person said do not bother replacing your furnace, it is 
not worth it. Replace that little electric motor and you are going 
to dramatically cut your electricity use. 

So it is quite extraordinary. And when we get to the biggest ap- 
pliance in the house, which is the plug-in vehicle which is on its 
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way, what we are going to be able to do with the integration of that 
into the grid is quite extraordinary. 

What we do not want to do is be plugging in millions of these 
cars of a hot day in the summertime at the same moment and tak- 
ing the grid down. What a smart grid will allow us to do is figure 
out when those cars should best charge up over the evening into 
the next morning. They will allow us to store that intermittent 
electricity that comes from solar and wind that is problematic for 
various reasons. 

So, Senator, I think this whole area of the smart grid is so excit- 
ing. And that is why it is companies like Google and Microsoft and 
on and on who are really seeing the opportunity here. So, have at 
it. I think the President yesterday announcing $5 billion in spend- 
ing on advanced meters is really going to lay a good foundation, 
and I think this bill could do an awful lot more. 

Senator Whitehouse. Thank you. Chairman. 

Senator Boxer. Thank you. Senator. 

Let us see. We are going to Senator Udall, and next Senator Car- 
per and then Senator Merkley, unless our other colleagues come 
back. Go ahead. 

Senator Udall. Thank you. Madam Chair. 

Mr. Reicher, a little over 10 years ago, Google, as a company, 
was based out of a garage with only a handful of employees. Last 
year it had annual revenue of over $21 billion, triple the amount 
in just 3 years. 

Why would a company like Google, which has a successful busi- 
ness in advertising, in search engines and information technology, 
be looking at clean technology and energy efficiency as a new busi- 
ness opportunity? And what kinds of energy projects has Google al- 
ready done in this area, and what kind of results does Google hope 
to achieve as a company and as a part of society? 

Mr. Reicher. Thank you. Senator Udall. 

First of all, you know, Google, those instantaneous searches that 
everyone has come to rely on in their lives, they do take some elec- 
tricity. So, we recognize that. We have done a lot to green up and 
reduce the energy use in our data centers all over the country. So 
that was Google’s entry point into this. 

But I have to say, more importantly, this intersection I said be- 
tween energy technology and information technology, we are quite 
convinced is really, really promising to help us deal with the big 
challenge we have as a country, and frankly, as a way to make 
some money for companies of all sorts. 

So, as I said, we have launched this product called Google Power 
Meter. We have also built a fleet of plug-in vehicles, and we have 
been testing them for the last few years. And you know what? They 
actually work. They plug into a system at Google that, on a sunny 
day, is powered by the sun. Our employees use them in their day- 
to-day business, driving around Northern California. And they real- 
ly have shown us that you can do so much with these plug-in elec- 
tric vehicles. 

So, we are convinced that this whole area of the grid and the net 
coming together holds such great promise for our country and for 
the world, and frankly, I think this bill provides some allowances 
for the smart grid, and we are very appreciative of that. 



236 


We think the R&D need is great, and we have to continue to in- 
vest in these kinds of technologies to move them forward. But all 
in all, it is a great package, and I think it is the good news in this 
whole story. Thanks. 

Senator Udall. To follow up a little on that, you have spent time 
in the energy sector and in the Department of Energy, and now you 
are really in this entrepreneurship venue. And so I wanted to ask 
you, with that background, when we hear Senators say, and the 
naysayers many of them, that we cannot achieve these goals, and 
we cannot get the reduction in terms of 20 percent by 2020, do you 
believe that American creativity and ingenuity and innovation are 
going to, when we put the signal in the market, the price signal 
out there, are we going to able to achieve many of these things ear- 
lier than we think? 

Mr. Reicher. Absolutely. And it is curious. Senator, that this 
whole conversation this morning has really avoided what is really, 
I think, the low hanging fruit, which is energy efficiency. The low 
hanging fruit. And you know what? This is low hanging fruit that 
grows b^ack. That old incandescent light bulb you replaced with the 
compact fluorescent you are going to replace again with an LED 

Wlb. 

So, there is great ability, here and now, to get the kind of savings 
that we need to deal with our climate emissions problem. So, I 
think we overstate the costs of meeting this important challenge, 
and I think we understate the opportunity that could come in grow- 
ing some major businesses in this country. 

So, energy efficiency is the place to start. But going beyond that, 
as you say, what is the innovation pipeline producing? It is pro- 
ducing extraordinary opportunities. We saw the kind of companies 
that just a couple of days ago the Energy Department announced 
it was investing in all over the country with a whole range of tech- 
nologies that promise vast savings in terms of carbon emissions 
and energy savings. 

I will highlight, and I think it is something that is very impor- 
tant to your State, is the whole opportunity with advanced geo- 
thermal. Not too many feet below the surface of the earth is just 
a vast, vast energy and increasingly we know how to drill down 
there at low cost, we know how to extract it. 

It is a great complement for the oil and gas industry because 
they know how to get to those depths. So, let us put these indus- 
tries together. Let us put geothermal and oil and gas together and 
really take advantage of what is a highly attractive energy source 
and one, frankly, that is base load. It is 24 hours a day, 365 days 
a year, and increasingly it is on a very impressive price trajectory. 

Senator Udall. Thank you. Thank you to all of our panelists. 
And thank you. Madam Chairman. 

Senator Boxer. Thank you. 

Senator Voinovich. 

Senator Voinovich. Thank you. Madam Chairman. 

I have heard a lot of — I am sorry I did not hear you, Mr. Vassey. 
But Mr. Vassey, have you ever talked to Mr. Foster? 

Mr. Vassey. No, sir. 

Senator Voinovich. Mr. Foster, some of the things that you 
talked about in your testimony, your concern about manufacturing 
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and the allowances and how it works, and you have got some rec- 
ommendations on how we can improve this piece of legislation. I 
would assume your concern that the allowances in the Mil are not 
enough to take care of manufacturing, that the cost of energy will 
he passed on to your members, and therefore, it is going to cost 
them more to do business. 

What I am concerned about here, the big picture, is this. The al- 
legation is that we need cap and trade and set limits on emission 
so that we have the incentive to get people to do things that they 
ordinarily might not want to do. 

From what I have heard here, Mr. Brehm, you have gone for- 
ward and done some very unique things working with a couple of 
businesses in Ohio. The question I have is, did you take advantage 
of any of the programs that are available in the Department of En- 
ergy for you do to this, or did you do this on your own? 

Mr. Brehm. Senator, a combination. We are a recipient of a num- 
ber of grants from the DOE, from the department that Dan used 
to run. Energy Efficiency and Renewable Energy. In fact, we are 
working on some of those R&D projects with companies in Ohio, 
and we are working on some of the production and the manufac- 
turing with companies in Ohio which were more done with private 
funds. But a combination. 

Senator Voinovich. The concept of the bill is that we charge for 
allowances, that raises money, and there is more money for incen- 
tives. The question I have got is that if we concentrated on the in- 
centive part of this, would we not be far better off than to create 
a gigantic new process where we give out allowances, or we pay for 
allowances and so forth, and really got at the real issue here, and 
the issue is technology. 

And everybody analogizes, I do not know if you are familiar with 
this, with the Clean Air Act which had the acid rain provisions, 
and I was familiar with that as Governor at Ohio. At the time we 
put that into effect, there were 15 years of work to deal with NOx- 
Ox, mercury, we were not talking about greenhouse gases. And we 
were able to move forward with it. 

The problem, as I see it big picture-wise, is we do not have the 
technology in many of these areas. Mr. Klesse, for example, you get 
2 percent of the allowances, you have got 44 percent of the prob- 
lem. How do you reconcile some of these things? If he gets 2 per- 
cent of the allowances, they raise the cost of gasoline, that is 
passed on to the people in Ohio, and they provide the allowances, 
so they provide the money for the incentives for you to do what you 
want to do. And it just seems like we are just kind of going around 
in a circle. 

Mr. Klesse, I will just ask you this. What is your solution to this? 
I understand that refineries, you guys are going to stop refining oil 
here, you are going to get it refined overseas because of the cost. 
Even if you do that, you are still going to pass a big cost on to your 
customers. What is the solution to this? How do you deal with this? 

Mr. Klesse. Well, we see this program as very unfair to this in- 
dustry. We already have CAFE standards coming in, the RFS, re- 
newable fuel standards, in, so we see these things happening. We 
also are supportive. I agree with the comments on efficiency. There 
is tremendous opportunity in efficiency. When I started working as 



238 


an engineer, we had an investment tax credit. We could have a lot 
of positive initiatives here to encourage industries, smart grids, all 
of those, to make investments to improve efficiencies. 

But this bill is inherently unfair, penalizes the refining and oil 
business directly, and is legislatively picking winners and losers. 

Senator Voinovich. I would just like to comment, too, that I in- 
troduced a bill with Senator Dorgan called the National Energy Se- 
curity Act. And one of the biggest things we talked about was the 
grid. And Mr. Reicher, you talked about the grid. Now, we are put- 
ting $3.5 billion into the grid. Most people say if we really want 
to do the grid, we are probably going to have to spend $60 billion 
to do it the right way. 

I guess that, from my perspective, maybe our priorities are not 
in line. And Mr. Foster, I want to call you afterwards and talk to 
you about what your group is concerned about. Because I think 
there are some things here that could be reconciled, where we 
could come up with something that would move us forward but not 
get us engaged in a large system where we are collecting allow- 
ances, paying for allowances, giving allowances away and end up 
with a set up that raises, increases everyone’s costs, and does very 
little to really reduce the emissions. 

Mr. Reicher. Senator, if I could very quickly. You said 

Senator Boxer. Make sure to answer quickly because we are 
running out of time. 

Mr. Reicher. You said technology is the issue. Technology is 
part of the issue. But until we put a significant price on carbon 
emissions that really reflects the true impacts they are having on 
the global climate, we are not going to drive the kind of change 
that we need. 

It needs to be a combination of technology and policy if we are 
going to see the sort of changes we need that are going to be both 
good for the economy and good for the environment. And that is 
what is behind this bill. And either EPA is going to do it, or the 
Congress is going to do it, one way or the other. 

Senator Boxer. Thank you very much, Mr. Reicher. And thank 
you. Senator. 

Senator Udall. I mean. Senator Carper. I almost gave you a sec- 
ond round. 

Senator Carper. 

Senator Carper. One of the Toms. One of the Toms gets to go 
next. 

Let me say. Madam Chair, it is a good panel. And some of these 
folks I have the privilege of knowing. It is great to see the Mayor 
of Philadelphia, our neighbor to the north. I understand there is a 
baseball team in Philadelphia. You are playing ball there very 
soon, we hope. Good luck. A lot of Phillies fans down in Delaware, 
as you know. 

Mr. Klesse, has anyone ever mispronounced your name? 

Mr. Klesse. Yes. 

Senator Carper. Today? In the last hour, probably. Thanks for 
bearing with us. It is so nice to have you here. Valero is one of any 
number of companies that are going to refinery operations in Dela- 
ware City. 
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I came out of the Navy in 1973. I had heen a naval flight officer. 
And I moved from California to Delaware and got a Masters in 
Business Administration. I took a course in my first semester, and 
I had to do a research project on a company that had problems, 
really, with the law. And Getty, at the time, owned the refinery in 
Delaware City and they had long standing problems with Clean Air 
Act compliance. 

And I ended up, literally, in my first semester at Delaware, in 
my first months at the University of Delaware, doing a fair amount 
of research on the refinery there. There have been a lot of owners 
since that time. We think Valero actually is one of the better opera- 
tors and the more responsible operators with more of an environ- 
mental conscience than some of the others. So, we appreciate that. 

And I appreciate what you said earlier about — you have, I think 
you said, a 50-megawatt windmill operation at your headquarters, 
and I think you said you are also into ethanol, and we would wel- 
come that kind of diversification. I hope your shareholders do as 
well. 

I almost fell out of my seat, though, and I think my colleagues 
did as well when, I think you said to Senator Boxer, that it looked 
like you would be spending for your operations, your refinery oper- 
ations in California, $850 billion in a year. 

Corrected, you said $850 million in California in a year. And I 
have looked at your testimony, and I am up to page 3, and my staff 
here behind us has been trying to help me figure new on some 
numbers, and I just want make sure we got this correct. 

I will just quote your testimony. It says industry-wide, we esti- 
mate the compliance costs for process emissions with carbon at $20 
a ton to be $4.1 billion a year. And that is, I think, nationwide, I 
believe in a year, for all refineries. And your portion of that would 
be, I suppose, less than maybe one-quarter. But in any event, I pre- 
sume that is what we are talking about industry-wide, $4.1 billion 
a year. You estimate the costs of consumer emissions to be about 
$63 billion a year, for a total cost to domestic refiners, and poten- 
tially to consumers, of more than $67 billion a year. 

That is a lot of money. I think we all agree with that. And I ask 
myself, well, figure out for us, if you can, how much gasoline and 
how much diesel fuel do we use when we drive our cars and trucks 
and they came back and said about, today, about 450 billion gal- 
lons of gas and diesel refined and consumed annually. 

If I do my math right, and I divide 450 billion gallons into $67 
billion, it works out to, I am told, somewhere between 13 and 15 
cents per gallon. I think that is a correct number. And I am told 
this is by 2020. 

When I heard this $850 billion number, I was real price sticker 
shocked. When I think of 13 to 15 cents per gallon by 2020, I just 
want to say we can remember back only a year or so ago when we 
saw such price volatility that the price of gasoline in my State, and 
I think all of the States, probably went up by 13 cents per gallon 
in a month, maybe in some places in a week. And we are talking 
about an increase of 13 to 15 cents over the next decade, by 2020. 

Are my assumptions reasonably correct? Is 13 to 15 cents per 
gallon pretty much on target? 
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Mr. Klesse. If you use $20 per ton, and nothing else changes, 
then I would say your numbers are exact. But that is not what we 
expect to happen at all. Nor do any of these reports that are pub- 
lished, including the DLE. We have a wide range of numbers that 
go all the way up to $1.50 by 2019 or 2020. It depends on what 
you assume for the cost of carbon. In my number, it is $87 a ton. 

Senator Carper. Let me just ask the Chair a question, if I could. 

Senator Boxer. Yes. 

Senator Carper. I have been told by others that the costs of car- 
bon per ton will probably, initially, be less than $20 and eventually 
it is going to rise. Do we have a cap? 

Senator Boxer. We do. We have a soft collar, as you probably 
know. 

Senator Carper. What is that? What does that mean. Madam 
Chair? 

Senator Boxer. Well, it means that the bottom is $11 and the 
top is $28, and if it gets to $28, we have an allowance reserve fund 
where those allowances are sent out so we that we will not see 
prices over $28 because absolutely, and this is something we did. 
Senator Carper, if I can just say, this is something we did because 
industry was concerned about carbon going up too high, and also 
others were concerned about market manipulation. 

By the way, I am going to add time on to you. 

We also have the ability to go for offsets as well. So, I think, 
given all of that, I feel very good with that 13 cents that you 
quoted. 

Could you just put Senator Carper back to a minute please? 

Mr. Klesse. Can I 

Senator Carper. Let me just finish one more point because my 
time is limited. And I would welcome the opportunity to continue 
the conversation beyond this hearing. 

But just doing the math, back of the envelope math, if we say 
15 cents per gallon with carbon at $20 a ton, if we go up to $28 
a ton, that would raise the price to roughly 20 cents per gallon. 
Does that sound like even wildly in the range of 

Mr. Klesse. That does and those are correct numbers. However, 
this cap increases every single year. It has the ability to increase. 
We also do not think the allowances will be adequate. 

A cap and trade program means anybody can trade. You and I 
can trade in this business. People will hoard them. We have seen 
this with the RFS and the renewable fuel standard where we have 
to buy RINs. RINs have gotten very high. It was never the EPA’s 
expectation that RINs would get up to 18 or 19 cents a gallon. 

So, these businesses, there are a lot of players and people act in 
their self-interest. 

Senator Carper. All right. 

Mr. Klesse. And the cap goes up every year. 

Senator Carper. Fair enough. Thank you for engaging this dia- 
logue with us today, and I just look forward to continuing it. And 
again, to all of our witnesses, a lot of encouraging stories, including 
the launching yesterday of Fisker Automotive in 

Senator Boxer. I would like to 

Senator Carper [continuing]. GM plant comes alive again, and 
we are going to be starting to build in a couple of years vehicles 
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that will get 100 miles or so per gallon, and the plant hybrids, and 
we are going to be deploying the first windmill farm off the coast 
of Delaware, probably in about 3 years. And the idea here is to 
eventually have windmill farms up and down the East Coast to 
provide a powerful vehicle like the vehicle we are building here. 

I still think there will probably be plenty of opportunity for our 
refineries to make a buck as well. 

Thank you very much. 

Senator Boxer. Senator, thank you very much. 

So, here is what we are going to do. Our last questioner, we are 
going to shut it down after Senator Merkley and go to our next 
panel because we are running late. 

Senator Merkley, please proceed. 

Senator Merkley. Thank you very much. Madam Chair. 

Mr. Reicher, you mentioned that Google is providing free soft- 
ware. I am assuming that I have to get a digital replacement for 
my mechanical electric meter to interface with that in some way? 

Mr. Reicher. Senator, you have two options. You either get a re- 
placement for your current meter, and there are many of those on 
the way or already arrived, and in fact, the money yesterday from 
the President is going to speed that up. Or even simpler, you can 
clip a little tiny device on your fuse box, and those are readily 
available as well. They are inexpensive. You do not even need the 
smart meter. 

Senator Merkley. Is Google giving those away with the soft- 
ware? 

Mr. Reicher. Not at this point. 

[Laughter.] 

Senator Merkley. You would have about a million calls after 
this hearing because 

Mr. Reicher. I will not announce that here. 

Senator Merkley. I am sure a lot of Americans will find this a 
very interesting idea. I just wanted to publicize that a little bit. 
Thank you. What does one of those little clip on devices cost to put 
on your fuse box? 

Mr. Reicher. The devices are, today, around $150. And we are 
expecting they are going to come down very significantly in price 
when they go to mass market. 

Senator Merkley. Well, I am going to be calling my utility com- 
pany and find out when I can get a meter or whether they are 
going to subsidize that cost. That is very helpful. When people start 
monitoring how they are using energy, they change practices. So, 
thank you for mentioning that. 

I wanted to shift to the personal vehicle plan that is part of the 
overall Google energy plan. And I believe that personal vehicles 
now produce about 20 percent of the carbon dioxide in the U.S. 
economy. Is that a roughly accurate estimate? 

Mr. Reicher. I do not know. It is in that range, but I do not 
know. 

Senator Merkley. I believe transportation is about 60 percent of 
the carbon dioxide, and personal vehicles are about a third of that, 
I believe. So, I was going to pin you down a little bit on how much 
that particular piece of the plan would reduce the carbon dioxide 
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produced in the personal vehicle sector. And you may not have a 
reading on that 

Mr. Reicher. Well, I will say, and Senator Alexander talked 
about replacing half the fleet with plug-in vehicles, if we move to 
do two things, increase our use of plug-in vehicles and green up the 
electric grid by whatever means from solar to wind to geothermal 
to nuclear and beyond, we will have very significant impacts in the 
personal transportation sector on greenhouse gas emissions. 

Senator Merkley. At one point, I heard it described this way. 
And I think this is a little out of sync with the numbers in your 
studies, but I will mention it and have you give your version. It 
was that if we enable every vehicle, every vehicle, so at a 100 per- 
cent transition, if you will, to go at least 30 miles on electricity, 
that we would reduce 70 to 80 percent of the carbon dioxide pro- 
duced by personal vehicles. 

Does that fit, or do you have a different version of that statistic? 
I realize, in your plan, by 2030 we do not get to 100 percent doing 
the first 30 miles on electricity, but 

Mr. Reicher. It is in that range. And the difficulty in making the 
estimate is that you really have to know the state of the electric 
grid, how green is the grid at that point in time. But the faster we 
green up the grid, by whatever means, the more that the emissions 
from the personal automobile sector are going to go down. 

But what is exciting about it is that it is a very efficient way to 
run a vehicle, and I think these hybrid gas-electrics will give people 
both the ability to lower their fuel bills but at the same time have 
some confidence that, you know, when that 30 miles on electricity 
is up, there is another several gallons in the tank that they can 
continue with. 

Senator Merkley. Well, I want to really emphasize how much 
potential carbon dioxide savings are here. Because if we can reduce 
70 percent of 20 percent, that is a substantial, substantial amount, 
about 14 percent of the carbon dioxide produced in our economy. 

And if we look at it this way, this plan we are putting out right 
now aims to reduce 20 percent below the 2005 levels, Wt we are 
zeroing in on 9 percent already. So that means we really only have 
to reduce 1 percent per year over the next 11 years to meet our 
2020 target. And here we are talking about just personal vehicles 
with the potential to reduce up to 14 percent. 

So, you lay out three strategies. One is new sales, more and more 
new sales being plug-ins and full electric cars. A second is having 
the remaining conventional vehicle sales significantly increase 
their mileage from 22 to 45, which I think you note is the Euro- 
pean standard for 2012. And the third is to accelerate turnover of 
the older cars. 

In your vision, taking those theoretical goals, how do we convert, 
if we were to actually say let us set mileposts, and let us make 
those happen, what type of legislative strategy would be most effec- 
tive? 

Mr. Reicher. Well, I think, first and foremost, what this com- 
mittee is focused on, which is put a significant price on carbon 
emissions, and do it by an efficient mechanism from a business per- 
spective. I think that will dramatically drive change. 
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Second, the direction we are headed in terms of increasing the 
fuel efficiency standards for regular vehicles. I mean, I think third, 
if we are going to really accelerate the introduction of plug-in vehi- 
cles of all sorts, I think incentives can help. I think investment in 
battery technology which is the real rub here can help a great deal. 
And then I think making sure that we have got a grid that is able 
to charge up large numbers of these vehicles and getting that 
ready, I think, is the third. 

Senator Merkley. Thank you very much. Our time is expired. 

Thank you. Madam Chair. 

Senator Boxer. So, Senator Sanders, you came in the nick of 
time. 

Senator Sanders. I was cheating. I was watching TV. 

Senator Boxer. OK. Unless there is a Republican who comes in, 
if they do, I will give them time, we are going to move to the na- 
tional security panel after Senator Sanders. 

Senator Sanders. Mr. Reicher, the State of Vermont, although 
Senator Boxer may argue with me, I think the State of Vermont 
is leading the country in terms of energy efficiency, and in fact, we 
are consuming less electricity now than we did a couple of years 
ago. 

If the country was aggressive in terms of energy efficiency, how 
many jobs do you guess that we can create over a period of years? 

Mr. Reicher. Well, Senator, first, Vermont has an exemplary 
record when it comes to energy efficiency improvements. It is a 
good race that Vermont has with California, frankly, so I applaud 
all that you are doing there and know some about what is going 
on. 

In terms of job creation, another point that was not made today 
is that among the highest producing areas of energy in terms of job 
creation is, in fact, energy efficiency. You know, going in and retro- 
fitting a home is real, real jobs, doing all the sorts of things to im- 
prove energy use in a commercial building or in a factory. Those 
are real labor intensive jobs. They are good jobs. They are jobs that 
the unions like. They are jobs that electricians and plumbers and 
builders really love. 

So, the job creation potential in energy efficiency is extraor- 
dinary. We are talking hundreds of thousands. We are talking po- 
tentially millions of jobs. Just look at the low income weatheriza- 
tion program. The billions we are now going to be spending there 
over the next couple of years. Major, major job creation in areas of 
the country that desperately need it. 

Senator Sanders. Let me ask you this. Do you believe that this 
committee should require that allocations for electric utilities go at 
least, in part, to energy efficiency, just like allocations for natural 
gas? 

Mr. Reicher. I do think that would be a wise improvement to 
the pending bill. 

Senator Sanders. OK. Let me ask Kate Gordon a question. And 
Mr. Mayor, you can jump in on this as well. 

We spend, depending on the year, hundreds of billions of dollars 
a year importing oil from Saudi Arabia and other foreign countries. 
If, over a period of time, we invested those hundreds of billions of 
dollars in energy efficiency and sustainable energy in this country. 
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wind, solar, geothermal, biomass and other technologies, in energy 
efficiency in mass transportation, do you have a guess as to how 
many kinds of jobs we could create? 

Ms. Gordon. It is a tough question. We do know that jobs in 
transit, our transit investments create about nine times the num- 
ber of jobs as similar investments, in new highways, for instance. 
And I think it is a critical point that we cannot just talk about the 
current amount that we spend on existing technologies. We have 
to talk about reducing how much we use technologies and moving 
to new technologies. 

Massive investments in energy efficiency create jobs and bring 
bills down. Major investments in transit systems and in clean vehi- 
cle manufacturing, as are in this bill, bring driving times down, 
bring vehicle miles traveled down, make those miles more efficient, 
that has an impact on consumer costs just as great, if not more, 
than the amount that we spend on the technology. 

Senator Sanders. Mr. Mayor, let me ask you this. I mean, I 
think in Vermont, and I am sure in Philadelphia, most people do 
not think it makes a lot of sense every year to be spending hun- 
dreds of billions of dollars making the sheiks in Saudi Arabia a lit- 
tle bit richer. What do you think about that? 

[Laughter.] 

Senator Sanders. I know that is a tough question. But you can 
go on the record here. 

Senator Boxer. I hope that your team gets as many soft balls to- 
night. 

[Laughter.] 

Mr. Nutter. All right. Senator. Thank you. We are looking for- 
ward to it. 

Senator Sanders, first let me say thank you very much for the 
question and also your leadership with regard to the EECBG, and 
of course your previous service as a Mayor in Burlington. 

The fact of the matter is, as a Mayor, I try to do my best to stay 
pretty focused on the narrow area of domestic policy. I do not get 
engaged in many conversations about what might be going on in 
Saudi Arabia. 

But what I can tell you is that the city of Philadelphia owns 450 
buildings and facilities. We want to retrofit every one of them. That 
is a job that cannot be outsourced somewhere else. You have to do 
that work right in our city. We are seeking to reduce our energy 
costs just for the city of Philadelphia by 30 percent through our 
Green Works Philadelphia Plan by 2015. That is real money. 

Senator Sanders. A 30 percent reduction? 

Mr. Nutter. A 30 percent reduction in our own city energy costs 
by retrofitting our buildings, making them smarter, more energy 
efficient and taking other steps. All of that work would have to be 
done in Philadelphia. Those are jobs right here in our city. 

So, there will be thousands of jobs created through the green 
economy, whether it is by the work that we do. Earlier, in my testi- 
mony, I do not remember if you were sitting there or not, Philadel- 
phia is a city of mostly row homes. We have 400,00 houses that 
pretty much have flat roofs or can certainly take solar panels, 
green roofs, white roofs, the Dow Chemical Company, which just 
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took over Roman Haus, has materials that can be used for that ap- 
plication, those are all jobs in the city. 

Senator Sanders. Great. Thank you very much, Mr. Mayor. 

Senator Boxer. I just want to say to the panel, to all of the pan- 
elists, from the majority witnesses to the minority witnesses, we 
greatly appreciate your time. You have been terrific, every single 
one of you and really helping us as we move this bill forward. 
Thank you very, very much. 

So, we are going to go right to the next panel. I promised Senator 
Klobuchar. I just want to make sure everybody knows, if you get 
any questions from the committee, we need them at the end of 
close of business today, the answers. I do not expect you will. I 
have not heard of any. Do you have any? OK, there will be some 
questions. They have to be in tonight. 

I am going to ask folks if they could depart because we have an 
extremely distinguished panel waiting to come in, Hon. John War- 
ner, Kathleen Hicks, Vice Admiral Dennis McGinn, Major General 
Robert Scales, Drew Sloan, Lieutenant Colonel James Carafano. 

Ladies and gentlemen of our next panel, we thank you so very 
much for your patience. I do have some good news for you. There 
will be no opening statements by Senators on this panel, so we are 
going to get right to the testimony. We are greatly honored by your 
service to country, by your presence here today, and for your will- 
ingness to help us tackle this very important issue. 

Just for the rules, we are going to start with our esteemed Sen- 
ator John Warner. And we are going to go straight down the panel. 
If you can keep your remarks to about 5 minutes, we would appre- 
ciate it. I am not going to cut you off if you go 30 seconds over, 
but then I will start tapping this little gavel only because we have 
two more panels today to hear from, and we want to get all of you 
in. 

So, we will begin with someone who needs no introduction. I was 
mentioning. Senator, that I personally really missed you from this 
committed, and everyone has kind of agreed. But I was out there 
wishing you were sitting here once again. 

Senator Inhofe. Let me echo her remarks. Senator Warner. We 
do miss you. And of course, he and I were on two committees to- 
gether so we spent a lot of time together. 

Senator Boxer. I know. Well, Senator Inhofe and I are in agree- 
ment on this, at least. 

[Laughter.] 

Senator Boxer. So, Senator Warner, please proceed. 

STATEMENT OF HON. JOHN WARNER, 

U.S. SENATOR (RETIRED) 

Senator Warner. Well, thank you very much. Madam Chairman, 
and my long-time friend, Jim Inhofe. I can remember campaigning 
for you when you first ran for the Senate in your wonderful State. 
And other friends around this table. 

I will tell you, when I look back, I spent half of my adult profes- 
sional life in this U.S. Senate. And I hope that, when your time 
comes, that you feel as I do. It was worth every day of it. I miss 
it daily, but life, as Thomas Jefferson said, you have got to step off 
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the path of public life and let those following behind take over. And 
that I do. 

But I commend you on the hearing today. Seriously, I have been 
involved in this for some time. This was a good hearing. I mean 
good, constructive exchange of viewpoints and tough questions. And 
that is what is most severely needed. 

So, unless you wish to give me the oath of office 

Senator Boxer. No, just please proceed. 

Senator Warner. But under the Ethics Law, I am permitted to 
accept your invitation which I do, most respectfully, to join you 
today. I shall be very brief Hit that gavel at 5 and I will stop in- 
stantly. 

I thought long and hard about what I might add today other 
than contribute my written statement. So, I just thought I would 
say what I have done since I last appeared before you. 

First, I want to say how privileged I am to be with this distin- 
guished panel. I cannot see all the way to the end. 

[Laughter.] 

Senator Warner. I have appeared with many of them before on 
other panels and particularly my friend Vice Admiral McGinn here. 
Senator Inhofe, here is a top gun, and let me tell you, he has an 
extraordinary career in aviation like yours. And we fly by the seat 
of our pants. We have been to what, eight or nine States together, 
basically to carry forward, and listen to the people out there. It has 
been fascinating. 

I would say that the American public has a high level of interest 
in this subject. And they are anxious to learn. And that puts upon 
those of us in our respective positions the obligation to help them 
learn so that they can formulate their own opinions and be a con- 
structive part of the dialogue on this issue which is, in every re- 
spect, as complicated and as tough and as challenging as the 
health care issues before this august Congress today. 

So, I have had that privilege to travel to the States. My basic 
message is the linkage between our climate global considerations, 
the desire for our country, and many, to try and seek higher effi- 
ciency use of their energy, new renewable sources, and the whole 
galaxy of issues that are coupled with energy. And last, how all 
that is tied in to our national security. 

And members of our panel today, I am going to yield the floor 
to them because I have covered the subject with the committee, 
and I have some of it in my statement. But I think this is a chance 
for them to give a new perspective on it, and I am anxious to hear 
their testimony. 

Very quickly, the Pew Foundation, which I basically work for, 
and the Center for Naval Analysis, which Admiral McGinn and I 
work on, had the concept that there is an awful lot of discussion 
going on in Washington, but we need to go out and listen a little 
bit and perhaps share with those in the States what we know 
about it back here and learn from them what they think they know 
about it and what they want to know in greater detail. And that 
we have done. 

Then I want to commend the departments and agencies of the 
Federal Government under the leadership of the President and oth- 
ers. Madam Chairman and members of the committee, they are 
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moving out. And you will hear a most impressive story about the 
Department of Defense. As you may recall, when our mutual 
friend, now Secretary of State Clinton, was on this committee, the 
two of us teamed up and on the Armed Services Committee put in 
the legislation requiring the Department of Defense to begin to 
work in their out year quadrennial 4-year projections of what the 
roles and missions might be of the men and women of the Armed 
Forces. 

The bottom line is, that when we talk about national security, 
our thoughts are with them because when the President, as Com- 
mander in Chief, issues the order to go, be it a humanitarian situa- 
tion like the tsunami or the fragile collapse of Somalia years ago, 
they are the ones that have to drive the airplanes, fly them to 
ships, bringing forth the platforms that lift capability to try and 
bring a measure of relief in the humanitarian situations and a 
measure of stability in those where sovereign nations are col- 
lapsing. 

The intelligence community is doing a great deal of study on this. 
Admiral Blair, the Director of National Intelligence, recently said 
the intelligence community judges, and I repeat judges, it made a 
judgment, that global climate change will have an important impli- 
cation on our U.S. security for the next 20 years. That is our top 
person in intelligence. 

The CIA has originated its own program. And I must say, I went 
out and visited — I have worked with the CIA for all of the many, 
many, many years I have been here and when I was in the Depart- 
ment of Defense. It is not a spy mission. It is simply utilizing their 
vast array of collection devices to gather information, synthesize it, 
and let it be made known for the general public use as well as the 
policymakers and the Government. And I commend them, particu- 
larly Director Panetta, who has put this into going. 

So, there is growing progress in our Government. Then there is 
growing progress in other nations of the world. I listened to the 
leakage issue, and that is a vital one. But at the same time we are 
confronting the leakage issue, we have got to be aware that nations 
are moving out and taking the positions which this country domi- 
nated for a number of years. For example, Japan is leading in bat- 
teries, Germany in photovoltaic cells, Korea in the components for 
nuclear power plants, Denmark the wind energy, and in China and 
India, pretty well across the board in all those things. 

Now, they are investing in trying to get the solutions that the 
United States and other nations will need when they finally con- 
front the issue of climate change and decide what they are going 
to do. I just generically say they are the black boxes, they are the 
silver bullets to help decide how we do sequestration, how we do 
the plug-in systems, all of those things. 

They are out there putting that technology and putting the stock 
on their shelves. So, when the United States, and we will, as sure 
as I am sitting here, someday this country is going to move forward 
unifiedly, executive branch and legislative branch, and begin to 
temp our role in dealing with this. Those black boxes we will have 
to buy from the shelves in these nations. 

So, I will yield the floor. 

[The prepared statement of Senator Warner follows:] 
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Testimony of Senator John Warner (Retired] 
Senate Environment and Public Works Committee 
October 28, 2009 

Madam Chairman, Senator Inhofe, members of the Committee, thank 
you for inviting me to testify here today on the critical issue of climate 
change. It is always a pleasure to appear before my former colleagues, 
and I do so within the post-employment restrictions that guide retired 
senators and allow them to be invited to provide testimony. 

As you all know, in my retirement, I continue to work on an issue of 
great importance to me; the linkage between global climate change, 
greater energy independence, and national security. Over my thirty 
years in the U.S. Senate working with military men and women and their 
families, I left convinced that, if left unchecked, global warming could 
increase instability and lead to conflict in already fragile regions of the 
world. We are talking about energy insecurity, water and food 
shortages, and climate driven social instability. We ignore these threats 
at the peril of our national security and at great risk to those in uniform 
who must operate, on orders of our President, the sea lifts, the air lifts, 
and other missions to alleviate humanitarian suffering or sovereign 
instability in remote regions of the world. 

I am pleased and honored to be part of several projects of the Pew 
Charitable Trusts, including the Pew Project on National Security, 

Energy and Climate and the Pew Center on Global Climate Change. I 
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also work with a number of other very professional NGOs on this topic, 
including CNA's Military Advisory Board, the American Security Project, 
the Partnership for a Secure America, Center for Strategic and 
International Studies, and the Truman National Security Project. 

The Pew Project brings together science and military experts to 
examine new strategies for combating climate change, protecting our 
national security, increasing our energy independence and preserving 
our nation's natural resources. 

We recognized the need to take this message of the mutually-reinforcing 
goals of energy security, national security and climate security outside 
the beltway. We send teams out of Washington to different states, 
where we talk, but we also listen and learn from the public. 

I have led these teams around this great nation, often joined by retired 
military officers, such as Vice Admiral Dennis McGinn of the Center for 
Naval Analysis. We have been working with state and municipal 
governments, colleges and universities, local organizations, and other 
local military, security and climate experts who join in our panel 
discussions with the public. 

To date, we have visited Missouri, South Carolina, Florida, Michigan, 
Indiana, Virginia, Colorado, and Montana. In each of these states, 
teaming up with a member of CNA’s Military Advisory Board, a local 
voice, and often members of academia, we have held a forum, open to 
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the public to discuss this critical link between our national security, our 
energy security and climate change. 

I had the distinct pleasure, on our last trip, of spending several hours at 
the U.S. Air Force Academy in Colorado Springs. Here I met not only 
with faculty, but with our nation’s best and brightest future military 
leaders. And these young leaders get it. They understand the critical 
link, and their role in protecting this nation from the risks posed by 
changing global climate, including energy shortages, food and water 
shortages, and the future missions these young men and women will 
serve on to help. 

In fact, the USAF Academy has established a most impressive 
framework of academic studies on this issue, as well as internal campus 
policies driven toward securing "energy independence" on the Academy 
grounds. By 2015, the Academy expects to produce all its own energy 
and hopes to serve as an example of how a vast infrastructure of 
buildings can not only save, but also produce, its own energy. 

Numerous expert reports have documented the security challenges that 
global climate change could worsen. The Central Intelligence Agency's 
long-term forecasting arm, the National Intelligence Council, recently 
reported that global warming could directly impact the U.S. by 
threatening energy supplies, damaging military bases, increasing food 
and water shortages and stressing the economy. 
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In Congressional testimony earlier this year, director of National 
Intelligence Dennis Blair said "the Intelligence Community judges global 
climate change will have important and extensive implications for U.S. 
national security interests over the next 20 years." 

In fact, recently, the CIA launched its Center on Climate Change and 
National Security. Last week 1 visited the Center and was most 
impressed. The Center is a small unit led by senior specialists from both 
the Directorate of Intelligence and the Directorate of Science and 
Technology. The new Center will bring together expertise on an 
important national security topic — how environmental factors can 
impact political, economic, and social stability overseas and, how such 
instability will affect our own national security. 

The focus of this Center is not the science of climate change, but the 
national security impact of phenomena such as prolonged droughts, 
rising sea levels, increased temperatures, population shifts, and 
heightened pressures and competition for scarce natural resources. The 
Center will provide critical information and support to both the public 
and private sector. 

In 2007, as a member of the Senate Armed Services Committee, together 
with then-Senator Hilary Clinton, we added to the fiscal year 2008 
National Defense Authorization Act language requiring the Department 
of Defense to consider the effects of climate change on DoD facilities, 
capabilities, and missions. 
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As a result, DoD is leading the way in becoming more efficient and 
effective in their use of energy and working to reduce their carbon boot 
print. 

This provision of law requires future periodic revisions of long-range 
Department of Defense strategic plans to take account of the impact on 
U.S. interests of global climate change and vulnerable energy sources. I 
am so pleased to be joined on this panel by DoD Deputy Undersecretary 
for Strategy, Plans and Forces, Kathleen Hicks, who will advise the 
committee on the strong initiatives the Department is taking to 
implement the law. 

Finally, I have observed that many American’s see climate change as a 
threat to continuing their family traditions and they want Congress to 
act to preserve them. Last week I had the distinct pleasure of joining 
13,000 hunters and anglers nationwide on a telephone conference to 
discuss their very real concerns about climate change. These are men 
and women who frankly love the land. These sportsmen and women 
practice traditions shared from generation to generation, and they are 
concerned about the impact climate change will have on the traditions 
they hold dear. I would ask this committee to make sure they receive a 
fair portion of the allocation system to address the natural resource 
adaptation needs of this great nation. 
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If the U.S. does not get in front now, we risk ceding the technology 
ground to China and other nations that are investing in renewable 
energy, investing in research and development at a much faster pace 
than we are. We have a chance to not only reduce C02 emissions, but to 
help move our economy in the right direction and to create new 
industries and jobs here at home. We can help revitalize our 
manufacturing base, but not if we end up having to buy what I call the 
"black box" that represents the "silver bullet” technology from China. If 
that is not a reason to act now, I do not know what is. 

Madam Chairman and members of the committee, I commend you for 
your efforts and continued leadership. As we say in the Marines, your 
bill has established a beachhead. Now is the time for Congress to move 
forward and provide a legislative framework that clearly establishes a 
role for the U.S. as a leader. 

We need this Committee to take action because climate change 
threatens what Americans value: our young men and women who 
defend this country, our traditions, and economy. We must take the 
opportunity to reshape our failed energy system and create new jobs for 
our families. 

To end, I would just like to thank the committee for having me here 
today and wish you luck as you move forward in the legislative process. 
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Environment and Public Works Committee Hearing 
October 28, 2009 

Follow-Up Questions for Written Submission 

Questions for Warner 

Questions from: 

Senator Amy Klobuchar 

I . The science points to an increase in sea level rise, floods, and changes in 
temperatures reflecting an overall warming. Can you choose a few specific 
examples and tell us how these environmental changes, many of which we are 
already seeing, are politically destabilizing regions? 

Answer: The impacts of sea level rise, floods, and changes in temperatures are having 
politically destabilizing effects, For example, water shortages and droughts drive mass 
migrations of people; result in scarcity of water and food supplies, often driving conflict 
over those scare resources; and provide breeding ground for extremist behavior. In 
Congressional testimony earlier this year, director of National Intelligence Dennis Blair 
said "the Intelligence Community judges global climate change will have important and 
extensive implications for U.S. national security interests over the next 20 years." The 
situation is serious enough that the CIA recently opened the Center on Climate Change and 
National Security as the focal point for its work on the subject. The Center is a small unit 
led by senior specialists from the Directorate of Intelligence and the Directorate of Science 
and Technology. The purpose of the Center is not to focus on the science of climate 
change, but the national .security impact of phenomena such as desertification, rising sea 
levels, population shifts, and heightened competition for natural resources. The issue of 
climate change is serious, and the reaction of the intelligence community in preparing and 
re.sponding for this risk is telling. 


2. In the Spring, I traveled through south Asia with Senators Graham and 
McCain. One of the top concerns I heard from the leaders of the nations we 
visited was about climate change. Climate change could increase instability 
and lead to conflict in already fragile regions of the world. In South Asia, 
India's rivers are vital to sustaining agriculture and Pakistan is heavily 
dependent on irrigated farming to avoid famine. The Himalayas provide water 
to both countries, but the water could disappear within a few decades. The 
United States is working to decrease tensions in this region while climate 
change is working in the opposite direction. How does this bill put us in a 
better strategic position to deal with or prevent this type of instability? 
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Answer: As a whole, the KeiTy-Boxer bill would put the U.S. in a better strategic position 
to deal with instability in the world by putting the U.S., as the historic largest emitter and 
largest per capita emitter, on a path toward reducing its greenhouse gas emissions. In terms 
of specific provisions that will help manage or prevent instability abroad, resources for 
technology transfer and international adaptation will help alleviate some of the issues that 
serve as "threat multipliers" and put these instable nations on the front lines of climate 
change. 


3. Yesterday, the Department of Energy announced the University of 
Minnesota received a grant for producing motor fuel directly from sunlight, 
water, carbon dioxide, and bacteria as part of a grant through the Advanced 
Energy Research Program for Energy (ARPA-E). ARPA-E is based off of 
the Defense Department's classified research and development program 
known as DARPA. The Kerry-Boxer bill increases funding for ARPA-E and 
provides it w'ith a dedicated funding stream. Undersecretary' Hicks, can you 
explain what this program has meant to the Defense Department and any 
thoughts you have about the Department of Energy's equivalent? 

Answer: In 2007, 1 was moved to add language to the FY2008 National Defense 
Authorization Act after hearing from several distinguished retired military personnel, 
many of whom serve on the Military Advisory Board of the Center for Na val Analy.sis, 
about the severe impacts global climate change was having and would continue to have on 
U.S. armed forces. 


Questions from: 

Senator David Vitter 

1. Are you concerned about the loss of domestic oil, gas, and refining 
capacity in the U.S. under Kerry-Boxer? 

Answer: 1 am not concerned about the loss of domestic oil, gas and refining capacity in the 
U.S. under Kerry-Boxer, but I am concerned about the direction of our nation's energy 
policy if we maintain the status quo. 1 would support a bill that not only imposed a cap on 
greenhouse gas emissions, but which provided for a broad range of policies to increase 
domestic energy production. 
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2. Do you understand that China and Russia have no intention of reducing 
their emissions? 

Answer; It is not my understanding the China and Russia have no intention of reducing 
their emissions. In fact, in recent years, China has adopted a suite of clean energy policies 
and is taking concrete actions to advance to a low-carbon growth path. 


3. Is it advisable to give the Chinese and Russians greater leverage over the 
U.S. economy? 

Answer: It is not advisable to give the Chinese and Russians greater leverage over the U.S, 
economy, which is why the U.S. cannot continue to cede ground on the clean energy 
technology market to other nations. The policy decisions that lawmakers make - or don't 
make - will determine what the share of the clean energy market the U.S. will hold. China 
is spending S244 million a day on clean energy, while the U.S. has fallen behind. Einacting 
climate legislation will not only reduce greenhouse gas emissions, but it also has the 
potential to reinvigorate our manufacturing base and transfonn our economy. 
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Senator Boxer. Thank you, Senator, very much. 

Our next speaker is Kathleen Hicks, Deputy Under Secretary of 
Defense for Strategy, Plans, and Forces, United States Department 
of Defense. Thank you very much. 

STATEMENT OF KATHLEEN HICKS, DEPUTY UNDER SEC- 
RETARY OF DEFENSE FOR STRATEGY, PLANS, AND FORCES, 

U.S. DEPARTMENT OF DEFENSE 

Ms. Hicks. Thank you. Senator Boxer, members of the com- 
mittee, ladies and gentlemen. It is an honor to appear before you 
today to testify on DOD’s views on how climate change relates to 
U.S. national security. 

As the Deputy Under Secretary of Defense for Strategy, Plans, 
and Forces, I am responsible for advising the Under Secretary of 
Defense for Policy and the Secretary of Defense on all matters per- 
taining to the development of U.S. national security and defense 
strategy, including the ongoing Quadrennial Defense Review to 
which Senator Warner referred. 

Let me begin by stating that DOD takes climate change seriously 
because of its significant implications for national security. Our 
strategic planning efforts look 20, 30, even 50 years into the future. 
We attempt to account for all factors that may affect how our mili- 
tary may be used and what capabilities we may need. 

Climate change is a stress that has the potential to cause a rise 
in global temperatures, a rise in sea levels, an increasing frequency 
in severity of weather events, among other manifestations. These 
stresses carry with them clear geopolitical implications. Displaced 
populations, contributing to border tension and increased conflict, 
damage to agriculture posing risk to food supplies, and an in- 
creased global demand for humanitarian and disaster relief oper- 
ations place a potentially serious burden on the U.S. military and 
international forces. 

The effects of climate change are characterized by a degree of 
variability and uncertainty for a range of forecasting and modeling 
scenarios. Although specific climate change effects and outcomes 
cannot be predicted with accuracy or certainty, there are general 
trends in climate change that are reasonably expected to occur and 
that, out of prudence, we must account for in planning and con- 
ducting DOD activities. 

Even under the most modest predictions, climate change will ag- 
gravate existing trends of population growth, dense coastal settle- 
ment, resource scarcity, poor governance and environmental deg- 
radation. Absent significant forestalling of climate effects, DOD’s 
requirement to support civil authorities and contingency responses, 
both domestically and abroad, is likely to grow. 

DOD also recognizes the strong linkage between global energy 
consumption and climate change. We cannot address one without 
impacting the other, and both have operational and economic con- 
sequences. Our dependence on traditional nonrenewable fuel 
sources constitutes a liability for our forces worldwide. This neces- 
sitates that a sizable portion of our force structure is dedicated to 
just keeping gas tanks topped off, and that instead of spending 
money on our people and on developing new capabilities, we are 
buying and burning fuel to haul fuel. 
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In the more distant future, as hydrocarbons grow more scarce 
and world demand continues to grow, the competition for upstream 
sources also increases, carrying with it the potential for conflict. 
U.S. Joint Forces Command General James Mattis has spoken 
from his field command experience in Iraq of the need to unleash 
us from the tether of fuel. 

In mountainous underdeveloped terrain such as U.S. and allied 
forces face in Afghanistan, the need for fuel for everything from 
diesel generators to keep our modern war fighting systems up and 
running to the energy needed to power armored MRAF vehicles is 
a daunting logistical challenge and puts our soldiers, sailors, air- 
men and marines at greater risk as enemies target our logistics 
tail. 

If we could free ourselves from the tether of nonrenewable fuel 
sources, we could greatly improve our war fighting agility. Alter- 
native sources of energy have significant add-on implications for 
stabilization and reconstruction activities as well where providing 
energy to the local populace has been a continued challenge. Fail- 
ure to provide for basic population needs can undermine the legit- 
imacy of U.S. assistance efforts and host nation governments. 

DOD is the single largest energy consumer in America. It ac- 
counts for nearly 1 percent of the Nation’s energy use and nearly 
80 percent of the Federal Government’s consumption. DOD’s en- 
ergy use is roughly on par with Nigeria and Bangladesh, which 
have populations of 140 million and 150 million respectively. 

With military installations across America, operating bases 
throughout the world, and the significant requirement of combat 
forces, powering the military is both an immense task and an im- 
mediate problem that has a direct impact on our ability to fight 
wars today. 

As the largest consumer, we have a responsibility to be the 
smartest. DOD has long been a source of innovation for the United 
States. 

In conclusion, as climate sciences advance and new observations 
give us fresh insights, we will regularly reevaluate climate change 
risks and opportunities in order to develop policies and plans to 
manage its effect on DOD’s operating environment, missions and 
facilities. 

Managing the national security effects of climate change neces- 
sitates that we work collaboratively through a whole of government 
approach with both traditional allies and new partners. 

Thank you. 

[The prepared statement of Ms. Hicks follows:] 
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Statement of Deputy Under Secretary of Defense for Strategy, Plans, and Forces 

Kathleen Hicks 
Before the 

Senate Environment and Public Works Committee 
Full Committee Hearing 


Senator Boxer, Members of the Committee, Ladies and Gentlemen, it is an honor to 
appear before you today to testify on how the Department of Defense believes that 
climate change relates to national security. 

The 2008 National Defense Strategy directs DoD to take into account how the interaction 
of areas of uncertainty, such as population growth, resource constraints, environmental 
and climate change pressures, may generate new' security challenges. It recognizes that 
managing security risks will require managing the divergent needs of massively 
increasing energy demand to maintain economic development and the need to tackle 
climate change. Collectively, these developments pose a new range of challenges for 
states and societies. 

We are in the mid,st of a sea change in understanding of the interrelationship between 
climate change and energy, and their impact on national security. In a speech to the 
Association of American Universities in April 2009, Secretary Gates included climate 
change among the sources of the security challenges we face today. Likewise, the 
Under Secretary of Defense for Poliey, Michele Flournoy, cited global climate change as 
one of the main trends that make security challenges more difficult and complex. 

Under Seeretary Flournoy has described how national security challenges are fueled and 
complicated by a number of powerful trends, such as the global economic downturn, 
prospects of climate change, cultural and demographic shifts, growing resource scarcity, 
and the spread of potentially destabilizing technologies, that are fundamentally reshaping 
the international landscape. She identified climate change as a stress that has the 
potential to accelerate state failure in some cases, and may also lead to the spread of 
insurgency as weak governments fail to cope with its effects. 

DoD has a number of partnerships across the Federal government related to climate 
change. For example, DoD supports the National Oceanic and Atmoshperic 
Administration (NOAA) through data sharing and, in partnership also w'ith the U.S. Coast 
Guard, in operating the National Ice Center. DoD is one of thirteen departments and 
agencies that participate in the U.S. Global Change Research Program, which coordinates 
and integrates federal research on changes in the global environment and their 
implications for society. The report released by the U.S. Global Change Research 
Program Office this past summer on the impacts of climate change on the United States 
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noted that “in an increasingly interdependent world, U.S. vulnerability to climate change 
is linked to the fates of other nations. For example, conflicts or mass migrations of 
people resulting from food scarcity and other resource limits, health impacts, or 
environmental stresses in other parts of the world could threaten U.S. national security. It 
is thus difficult to fully evaluate the impacts of climate change on the United States 
without considering the consequences of climate change elsewhere.’The U.S. Geological 
Service, w ithin the Department of the Interior, receives DoD support in developing and 
sharing mapping information used in management of resources in a changing 
environment. The Department ofHomeland Security (DHS) takes the lead in responding 
to requests for humanitarian assistance and disaster relief in the United States. DoD may 
support DUS with logistics assets and other capabilities as requested, depending on the 
location and circumstances of the disaster. The Department of State and the U.S. Agency 
for International Development (USAID) have leading roles in responding to requests for 
humanitarian assistance and disaster relief overseas, frequently with DoD support. 
Scientific projections lead us to believe that requests for DoD support to civil authorities 
for disaster relief will likely grow due to projected increases in the intensity, and perhaps 
the frequency, of extreme weather events such as severe storms, floods, and droughts. 
These are just a few examples of ways that DoD is engaged in supporting other agencies 
in responding to the challenges of climate change. 

Climate Change Assessmen ts 

The 2008 National Intelligence Assessment of the Impacts of Climate Change, conducted 
by the National Intelligence Council (NIC), concluded that climate change will have 
significant geopolitical impacts around the world and will contribute to a host of 
problems, including poverty, environmental degradation, and the weakening of national 
governments. Climate change will contribute to food and water shortages, increase the 
spread of disease, and may help spur mass migration, though the causes of migration are 
complex and usually difficult to attribute to a single factor. I he assessment warned that 
the storms, droughts, and food shortages that might result from a warming planet in 
coming decades would create numerous relief emergencies. 

Recent scientific studies, including an assessment done by Oak Ridge National 
Laboratory in support of the Department’s ongoing Quadrennial Defense Review (QDR), 
indicate that impacts of climate change will disproportionately affect regions with little 
ability to moderate potential damages or to cope with the consequences — in other words, 
regions with limited adaptive capacity. 


In August the National Intelligence Council published a study entitled, “Global Climate 
Change and State Stability,” which identifies countries that could become unstable from 
climate change in the near (2020-2025) and long (2040-2045) terms. Most ot these 
countries are in the developing world. The report released by the U.S. Global Change 
Research Program Office this past summer on the impacts of climate change on the 
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United States noted that “in an increasingly interdependent world, U.S. vulnerability to 
climate change is linked to the fates of other nations. For example, conflicts or mass 
migrations of people resulting from food scarcity and other resource limits, health 
impacts, or environmental stresses in other parts of the world could threaten U.S. national 
security. It is thus difficult to fully evaluate the impacts of climate change on the United 
States without considering the consequences of climate change elsewhere.” These 
studies represent only a few of the numerous assessments which hold that climate change 
will exacerbate the stresses which may lead to conflict. 

The Quadrennial Defense Review 

The QDR is examining the capabilities of the U.S. Armed Forces to respond to the 
consequences of climate change, in particular, preparedness for natural disasters from 
extreme weather events and other missions the Armed Forces may be asked to support 
inside the United States and overseas, as directed by Section 95 1 of the National Defense 
Authorization Act of 2008. All of the Military Departments and numerous DoD 
components and agencies are participating in this effort. 

As noted, DoD may assist other Federal Departments and Agencies in their missions by 
providing support to civil authorities. In this supporting role, DoD responded to close to 
90 requests for assistance in the United States in 2008, ranging from hurricanes to 
wildfires. DoD is examining this issue of support to civil authorities closely in the 
current QDR. Similarly, DoD is examining its efforts to support the Department of State 
in responding to overseas requests for humanitarian assistance or disaster relief, such as it 
provided in the aftermath of the 2004 Asian tsunami. Effective response to such events 
has historically required a vvhole-of-government effort, often supported by international 
and nongovernmental organizations. 

DoD’s engagement role with the militaries of other nations enables DoD to promote 
environmentally sound technology and operational practices. In some nations, the 
military is the only institution with the capacity to respond to a large-scale natural 
disaster. Proactive engagement with such countries can help build their capability to 
respond to the needs of local or regional populations in event of a disaster. Theater 
Campaign Plans operationalize the Combatant Commander’s strategy and provide the 
construct for focusing and prioritizing steady state activities as they relate to current 
operations, security cooperation, interagency and any preventative activities, which could 
include efforts to adapt to the effects of climate change. 

Climate change adaptation will be part of the Department’s long-term risk management 
strategy, in an institution that typically plans out to a 20-year time horizon and is 
accustomed to dealing with uncertainty. The effects of climate change are characterized 
by a degree of variability and uncertainty for a range of forecasting and modeling 
scenarios. Although specific climate change effects and outcomes cannot be predicted 
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with accuracy or certainty, there are general trends in climate change that are reasonably 
expected to occur and can be considered in planning and conducting DoD activities. The 
military, after all, is an adaptable organization accustomed to operating in a wide variety 
of conditions. 


Einergy 


DoD also recognizes the linkage between energy usage and climate change. We cannot 
address one issue without impacting the other, and both have economic consequences. 

Let us take an example from current operations. Attacks on the logistics tail in Iraq and 
Afghanistan have grown increasingly sophisticated and effective, resulting in a growing 
number of casualties. The capabilities of potential adversaries to attack our energy 
supplies and delivery forces through both conventional and asymmetric means will 
continue to increase. Taking steps to reduce our operational energy demand will not only 
improve our mission effectiveness, it will also reduce our carbon footprint. 

In 2008 DoD spent S20.0B on total energy costs. $I6B was for fuel for tactical systems. 
$3.95B was spent on "traditional" energy costs: electricity, natural gas, heating oil, 
purchased steam and coal. The remaining .SO.OSB was spent on transportation fuels for 
non-tactical vehicles. In 2008, DoD received 2 . 9 % of its "electric" energy from 
renewable sources of generation. And, in 2008 DoD received 4 , 7 % of its "total" energy 
from renewable sources of generation. The Department has reduced total "traditional" 
energy consumption by 10 . 7 % through 2006-2008 using a 2003 baseline consumption 
year. The goal from 2006-2008 was 9 . 0 %. DoD was 1 . 7 % ahead of the goal. 

To reduce our carbon footprint, DoD is rapidly moving forward to conserve and 
transition to more sustainable forms of energy. DoD has a goal of increasing its energy 
from renewable sources, and each of the services has a plan tor energy-related initiatives 
in place. In the compliance arena, DoD made great progress towards achieving the goals 
of Executive Order 13423 (Strengthening Federal Environmental, Energy, and 
Transportation Management) on building efficiency and implementation of alternative 
fuel vehicles. DoD also looks forward to complying with the requirements of Executive 
Order 13514 (Federal Leadership in Environmental. Energy, and Economic Performance), 


Pol) Ad aptation Initia tives 


DoD is responsible for significant ■’built” infrastructure along the nation’s coasts. This 
presents an opportunity to exercise good stewardship by engaging in a leadership role in 
local and regional adaptation planning. One example of this is the DoD Legacy Resource 
Management Program (Legacy). Fhe Legacy program has begun to invest in national 
and regional efforts that will assist the Department in defining an adaptation strategy that 
will support the long-term sustainability of its natural and cultural resources. One of its 
projects is a partnership with the National Wildlife Federation, the Association of Fish 
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and Wildlife Agencies, the U.S. Fish and Wildlife Service, and other federal agencies to 
develop a guidance manual that will summarize currently available natural resource- 
focused vulnerability assessment tools. Another example is an ongoing project to assess 
sea level rise scenarios on seven North Carolina military installations in order to aid 
decision-making regarding management of their natural resources and infrastructure. 

During the past year, the Strategic Environmental Research and Development Program 
(SERDP) initiated four research projects focused on developing the methods, tools, and 
models necessary for DoD coastal installations to assess the potential impacts of sea level 
rise and associated storm surge phenomena on installation infrastructure. The four 
projects purposely address different geophysical settings, physical forcing mechanisms, 
and different degrees of vulnerability assessment to reflect that climate change impacts, 
and the information needed to assess those impacts, will differ greatly by geographic 
region. Knowledge gained through these projects and application of the resultant 
products will assist DoD installations in assessing potential impacts and using that 
information to develop adaptation strategies. 

Military Department Initiatives 

At the same time, the Military Departments are engaged in their ow'ii portfolio of 
activities that will support adaptation to climate change. 

Climate change predietions in the southeast and southwest United States indicate a 
potential for more severe and extended drought conditions in those areas. The Army is 
evaluating current and predicted water use patterns on and near its installations in the 
United States, and comparing them to sources and predicted availability of water around 
these installations over the next 30 years. Currently ongoing at Ft Bragg, North Carolina, 
and Ft Bliss, Texas, the sustainable water assessment methodology is planned to be tested 
at an additional 10 LI.S. installations and selected Army installations overseas. The 
Marine Corps is engaged in a similar effort for some of its installations. 

The Navy established Task Force Climate change (TFCC) in May 2009. TFCC is 
ehartered to develop a Roadmap for Navy action regarding the Arctic specifically, and 
climate change in general. This organization consists of representatives from the Chief of 
Naval Operations’ stafl, Fleet Forces Command, Navy Program Offices, academia, 
interagency partners, and research and development activities. It will make 
recommendations to senior Navy officers regarding investments in climate change 
adaptation, as well as associated changes in policy, strategy, mission, and plans. 

The Office of the Deputy Assistant Secretary of the Air Force, Energy, Environment, 
Safety and Occupational Health (SAF/IEE) has established an Energy and Climate 
Change Issues Team with broad representation from Headquarters Air Force offices 
responsible for developing policies, plans and programs, establishing requirements, and 
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providing resources for the entire Air Force enterprise. The team will assist the Air Force 
in developing plans and policies for adapting to the challenges posed by climate change 
by ensuring mission and operational impacts are considered across the Air Force. 

Several climate change predictive modeling scenarios include an increase in the 
frequency and severity of wildfires in some geographic regions affected by climate 
change. In Southern California, the Marine Corps has initiated replacement of all above- 
ground communications and utilities lines with underground lines as much as 
economically feasible, to reduce vulnerability to fire damage. 

C onclusion 


As climate science advances and new observations give us fresh insights, we vvil! 
regularly re-evaluate climate change risks and vulnerabilities in order to develop policies 
and plans to manage the effects of climate change on DoD’s facilities, operating 
environment, and missions. DoD will also be monitoring and assessing the geostrategic 
implications of the social, political, and economic consequences of climate change. 
Climate change is representative of the kind of challenges highlighted by Secretary Gates 
in his opening statement to the Senate Appropriations Committee in May 2009 — 
challenges that cannot be dealt with by military means alone, but that require a whole-of- 
government approach. DoD recognizes the need to plan for climate change and we stand 
ready to work collaboratively with traditional allies and partners to combat this 
challenge. . 
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CHARRTS No.: SEPW-02-001 
Hearing Date: October 28, 2009 
Committee: SEPW 
Member: Senator Klobuchar 
Witness: Honorable Hicks 
Question: #1 


Question: The science points to an increase in sea level rise, floods, and changes in temperatures 
reflecting an overall warming. Can you choose a few specific examples and tell us how these 
environmental changes, many of which we are already seeing, are politically destabilizing 
regions? 

Answer: The 2008 National Intelligence Assessment of the Impacts of Climate Change, 
conducted by the National Intelligence Council (NIC), concluded that climate change wilt have 
significant geopolitical impacts around the world and will contribute to a host of problems, 
including poverty, environmental degradation, and the weakening of national governments. 
Climate change will contribute to food and water shortages, increase the spread of disease, and 
may help spur mass migration, though the causes of migration are complex and usually difficult 
to attribute to a single factor. 

The conflict in Darfur between herders and farmers is a good example of environmental changes 
contributing to political destabilization. Long periods of drought resulted in loss of arable land 
and pasturage to the desert. In response, the nomads migrated southward in search of water and 
grass for their herds, which in turn led to conflict with the agrarian society occupying those 
lands. Coupled with population pressure, tribal, ethnic and religious differences, the change 
contributed to increased regional instability. 
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CHARRTS No.: SEPW-02-002 
Hearing Date: October 28, 2009 
Committee: SEPW 
Member: Senator Klobuchar 
Witness: Honorable Hicks 
Question: #2 


Question; in the Spring, 1 traveled through south Asia with Senators Graham and McCain. One 
of the top concerns 1 heard from the leaders of the nations we visited was about climate change. 
Climate change could increase instability and lead to conflict in already fragile regions of the 
world. In South Asia, India's rivers are vital to sustaining agriculture and Pakistan is heavily 
dependent on irrigated farming to avoid famine. The Himalayas provide water to both countries, 
but the water could disappear within a few decades. The United States is working to decrease 
tensions in this region while climate change is working in the opposite direction. How does this 
bill put us in a better strategic position to deal with or prevent this type of instability? 

Answer; Analysis by the intelligence community indicates that climate change is a stress that 
has the potential to accelerate state failure in some cases, and may also lead to the spread of 
insurgency as weak governments fail to cope with its effects. A comprehensive energy strategy 
that reflects the current scientific understanding of the linkage between climate change and 
energy usage would contribute to national security over the long term. 
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CHARRTS No.; SEPW-02-003 
Hearing Date: October 28, 2009 
Committee: SEPW 
Member; Senator Klobuchar 
Witness: Honorable Hicks 
Question: #3 


Question: Yesterday, the Department of Energy announced the University of Minnesota 
received a grant for producing motor fuel directly from sunlight, water, carbon dioxide, and 
bacteria as part of a grant through the Advanced Research Projects Agency-Energy (ARPA-E). 
ARPA-E is based off of the Defense Department's classified research and development program 
known as DARPA. The Kerry-Boxer bill increases funding for ARPA-E and provides it with a 
dedicated funding stream. Undersecretary Hicks, can you explain what this program has meant to 
the Defense Department and any thoughts you have about the Department of Energy's 
equivalent? 

Answer: 

The Defense Advanced Research Project Activity (DARPA) is the research and development 
arm of the Department of Defense (DoD). DARPA has played an important role in DoD’s ability 
to maintain a technological advantage over potential adversaries through the years since its 
founding. Its mission is to maintain the technological superiority of the U.S. military and 
prevent technological surprise from threatening national security. DARPA funds unique and 
innovative research through the private sector, academic and other non-profit organizations, as 
well as government labs. DARPA research runs the gamut from conducting scientific 
investigations in a laboratory, to building full-scale prototypes of military systems. DARPA 
funds research in biology, medicine, computer science, chemistry, physics, engineering, 
mathematics, material sciences, social sciences, neuroscience, and more. DoD hopes that the 
new ARPA-E program will prove to be of similar value to the Department of Energy. 
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Senator Boxer. Thank you very much. 

Next, another majority witness, Vice Admiral Dennis McGinn, 
U.S. Navy retired and a member of the Center for Naval Analysis 
Advisory Board. 

Welcome. 

STATEMENT OF VICE ADMIRAL DENNIS MCGINN, U.S. NAVY 

(RETIRED); MEMBER, MILITARY ADVISORY BOARD, CENTER 

FOR NAVAL ANALYSIS 

Mr. McGinn. Madam Chairman, Senator Inhofe and members of 
the committee, it is an honor for me to appear before you to talk 
about these critical national security subjects. I am here rep- 
resenting the CNA Military Advisory Board consisting of a dozen 
former Generals and Admirals representing all four services. 

Let me start by summarizing some of our key findings from the 
two reports which you mentioned earlier. Madam Chairman. 

First, our economic, energy, climate change and national security 
challenges are all inextricably linked. As Senator Warner said, you 
just cannot address one without taking into consideration the ef- 
fects on the other. 

Our past pattern of energy use is responsible, in a very signifi- 
cant way, for our economic situation today, not just nationally but 
globally. We therefore must make a long range comprehensive view 
to develop effective national policies and make real and positive 
changes in the ways in which we power America. A business as 
usual approach, continued over-reliance on fossil fuels, or small in- 
cremental steps simply will not create the kind of future security 
and prosperity that the American people and our great Nation de- 
serve. 

The time to act is now. And the time to act boldly is now. With- 
out U.S. leadership and decisive action by our Nation, fierce global 
competition, instability and conflict over dwindling supplies of fos- 
sil fuels and increasing global warming will be a major part of the 
future strategic landscape. 

Moving expeditiously toward clean and sustainable energy 
choices to power America can lessen that danger, improve global, 
national and sub-national economic security, and help us to con- 
front the serious challenge of global climate change and energy in- 
security. 

If we do not address these challenges in a bold way and in a 
timely way fragile governments have great potential to become 
failed states and desperation and hopelessness will drive whole 
populations at a scale never seen before to be displaced. And this 
turmoil and power vacuum will create a fertile breeding ground 
around the world for extremism and the terrorism that surely fol- 
lows. 

The United States military will be called to respond to these new 
threats from humanitarian assistance and disaster relief up to the 
higher potential for regional war. As Secretary Hicks has pointed 
out, the Pentagon has already started to prepare contingency for 
such scenarios and will focus on the issue in its 2010 Quadrennial 
Defense Review, as will the State Department in its Quadrennial 
Diplomacy and Development Review. 
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At the same time, increasing demand for, and dwindling supplies 
of, fossil fuels will add greatly to instability created by climate 
change in many of the very same places that are worst hit by cli- 
mate change. America’s current energy posture constitutes a seri- 
ous and urgent threat to our national security, militarily, dip- 
lomatically and economically. 

We need to carefully avoid the temptation to ignore these connec- 
tions and take only small steps to address narrow issues. Large, 
interconnected security challenges require bold comprehensive solu- 
tions. We must recognize that we, as a Nation, are at a pivotal mo- 
ment in history. Those who say that now is not the time to act fail 
to recognize the gravity and the urgency of our energy and climate 
change challenges. 

But they also, as was pointed out by the previous panel, fail to 
recognize the tremendous opportunity. There is a new multi-billion 
dollar revolution in clean technology around the world, and there 
is compelling evidence that clean energy policies are powerful eco- 
nomic drivers and energy efficiency, being the cleanest fuel that 
never need be mined, drilled or burned, and it represents a barely 
tapped resource that holds enormous power for all economies 
around the world. 

The same is true for a whole host of clean and sustainable en- 
ergy choices. There is a general agreement that there may not be 
a silver bullet to meet our growing energy needs, but surely there 
is a lot of silver buckshot that can be used to constitute a viable 
portfolio of energy sources that are not reliant on greenhouse gas 
producing feed stocks or processes. 

Most importantly, America’s leadership and key partnerships 
around the world in addressing these truly global challenges will 
act as a powerful catalyst for international collaboration to better 
address a whole host of pressing issues. The United States has an 
opportunity and an obligation to lead. 

We can, as America has in the past, address the most pressing 
issues of our time. Through thoughtful dialogue, effective leader- 
ship and united action we can transform daunting challenge into 
sustained security and prosperity across the Nation and across the 
world. 

Thank you. Madam Chairman, and I look forward to your ques- 
tions. 

[The prepared statement of Mr. McGinn follows:] 
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Statement of Vice Admiral Dennis McGinn. USN, Retired 
Member. Military Advisory Board, CNA 
before the 

United States Senate 

Committee on Environment and Public Works 
Legislative Hearing on S. 1733 
Clean Energy Jobs and American Power Act 
Washington, DC, October 28, 2009 
9:30 a.m. 406 Dirksen Senate Office Building 


Chairman Boxer, Senator Inhofe, Members of the Committee, it is an honor to 
appear before you today to discuss the critically important topics of energy, 
climate change and international security. 

As I stated in previous testimony before this Committee in July of this year, I 
have had the privilege of serving with some of America’s most distinguished and 
senior retired military leaders on the CNA Military Advisory Board, which 
produced two reports directly related to the topic of this hearing. The first 
examined the national security threats of climate change, and the second report 
analyzed the national security threats of America’s current energy posture. 

We are just beginning to emerge from one of the most serious global financial 
crises of our lifetimes. This understandably focuses our attention on near term 
fiscal issues. However, after several years of examining climate change and the 
United States’ energy use, it is clear to our Military Advisory Board that our 
economic, energy, climate change and national security challenges are 
inextricably linked . And it is also clear that our past pattern of energy use is 
responsible, in a significant way, for our economic situation today. For these 
reasons, we must take a long range, comprehensive view to develop effective 
national policies and make real and positive changes to the ways in which we 
power America. A business as usual approach, continued over reliance on fossil 
fuels, or small, incremental steps, simply will not create the kind of future security 
and prosperity that the American people and our great Nation deserve. The time 
to act, and act boldly, is now. 

Weakened economies have temporarily reduced global demand and the cost of 
oil. However, as this recession ends, the volatile and economically disruptive 
cycle of ever-higher energy prices will most surely return. Population growth and 
projected per capita increase in energy consumption over the next twenty years 
will surely make fossil fuel supply and demand curves divergent unless we 
change our energy posture. 
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This is a critical and long term international security issue - one that stretches 
across geographical boundaries, over political divides, and one that will be with 
us for decades to come. Without national leadership, enlightened policies and 
decisive action by our nation, fierce global competition, instability and conflict 
over dwindling supplies of fossil fuels and increasing global warming will be a 
major part of the future strategic landscape. Moving expeditiously toward clean 
and sustainable energy choices can lessen that danger, improve global, national 
and sub-national economic security and help us to confront the serious 
challenges of global climate change and energy Insecurity, 

I will now briefly discuss those challenges. 

The CNA Military Advisory Board produced a report in 2007 called National 
Security and the Threat of Climate Change. Its principal conclusion is that 
climate change poses a serious threat to national security by acting as a "threat 
multiplier” for instability in some of the world's most volatile regions. 

Climate change is different from traditional military threats, because it is not like 
having a specific enemy, well-defined response timeline, or crisis spot we're 
trying to handle. Climate change has the potential to create more frequent and 
intense natural and humanitarian disasters due to flooding, droughts, disease, 
and crop failure. It will magnify existing tensions in critical regions, overwhelm 
fragile political, economic and social structures, causing them to fracture and 
fail. The predictable result: much greater frequency and intensity of regional 
conflict and direct threats to our United States’ interests and national security. 

Some may be surprised to hear former generals and admirals talk about climate 
change and clean energy, but they shouldn't be. In the military, you learn 
quickly that reducing threats and vulnerabilities is essential, well before you get 
into harm’s way. As military professionals we were trained, and learned by hard 
experience, to make decisions when faced with seriously threatening situations, 
even when they were defined by ambiguous information. But in this case, the 
information is not as ambiguous as some may want to believe. The science 
community has clear consensus in concluding that human activities are the 
most significant cause of climate change. There is no disagreement in peer- 
reviewed literature. Every major professional science society and organization 
in the world has issued powerful statements to this effect, including the National 
Academies of Sciences for every major country. The G8 and 5 other nations 
said in May “The need for urgent action to address climate change is now 
indisputable.” 

As military leaders, we base our decisions on trends, indicators and warnings, 
because waiting for 100% certainty during a crisis can be disastrous. And as we 
carefully consider the threat of climate change and energy to global security, 
these trends and warnings are clear. 
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Two years ago, the Intergovernmental Panel on Climate Change - the world’s 
leading scientific panel on climate change - including more than 200 
distinguished scientists and officials from more than 120 countries, including the 
U.S. - predicted widening droughts in southern Europe and the Middle East, sub- 
Saharan Africa, the American Southwest and Mexico, and flooding that could 
imperil low-lying islands and the crowded river deltas of southern Asia, 

Last month, global climate researchers revised those predictions, now 
forecasting that the planet could warm by as much as 6.3 degrees Fahrenheit by 
the end of the century even if the world's leaders fulfill their most ambitious 
climate pledges, a much faster and broader scale of change than the IPCC 
forecast just two years ago. 

Their other findings include that sea level could rise by as much as six feet by 
2100 instead of 1.5 feet, as the IPCC had projected, and the Arctic Sea may 
experience an ice-free summer by 2030, rather than by the end of the century. 


Let me give you some examples of what the future could be like if we fail to 
adequately address the causes and effects of climate change. 

In Africa, projected rising temperatures will dramatically reduce water 
availability, soil moisture, arable land and food production. Combined with 
increased extreme weather events - climate impacts will act to accelerate the 
destabilization of populations and governments. Climate-driven crises are 
already happening there. Lack of water and changing agricultural patterns are 
at the root of crises in Darfur and Somalia, present day examples of failed 
social structures and governments, leading to widespread humanitarian crises 
and extremism. 

In South and Central America - melting glaciers in Venezuela and the Peruvian 
Andes will directly impact water supplies and hydroelectric power. The Peruvian 
plains, northeast Brazil and Mexico will experience longer and more serious 
droughts. Land degradation and loss of food production will hit hard in Latin 
America - particularly Brazil whose economy is fueled by food exports - possibly 
leading to social disruptions and significant migration. We need only reflect on 
present immigration and security challenges along the U.S. southern border to get a 
glimpse of what the future could hold: immigration driven not by a search for a better 
economic life but in search of basic needs. 

In Bangladesh, the growing threat of more frequent and intense typhoons in the Bay 
of Bengal has the potential for wiping out essential coastal agriculture and fishing 
areas, just as it did in 1991 resulting in Operation Sea Angel. Greater and more 
prolonged coastal typhoon damage would create an unprecedented humanitarian 
crisis, which could drive literally millions of refugees northwest toward India in search 
of relief. 
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As the Himalayan glaciers recede, Asian nations like China, India and Pakistan will 
have to deal with internal and external unrest due to a much less reliable source of 
water from four great rivers - creating floods at some times of the year, prolonged 
drought during others - to meet the needs of growing populations, 40 percent of 
Asia’s four billion people live within 45 miles of the coast - a coast that could be 
inundated by rising seas. Even the most modest projections of increased 
temperature and sea level rise include flooding and loss of significant percentages of 
coastal delta farmland and closely settled areas. 

In the Middle East, the vast majority of highly diverse populations already depend on 
water sources external to their borders. A greatly increasing competition for 
diminishing supplies of water for agriculture and basic human needs will significantly 
ratchet up tensions in this historically critical region. 

These potential climate change effects will not just create crisis events happening far 
away from American soil or along our borders. Disasters like Hurricane Katrina in 
2005 reveal, in a very stark way, how a natural disaster-caused humanitarian crisis 
can quickly lead to suffering, civil unrest and the need for a massive, expensive and 
sustained mobilization of resources. 

As CNA Military Advisory Board member Vice Admiral Richard Truly said it is 
not like “some hot spot we're trying to handle.” “It's going to happen to every 
country and every person in the whole world at the same time,” 

And while the effects of global warming create this environmental havoc, its 
principal dynamic will be to shift the world's balance of power and money. 

Drought and scant water have already fueled civil conflicts in global hot spots like 
Afghanistan, Nepal and Sudan, according to several new studies. The evidence 
is fairly clear that sharp downward deviations from normal rainfall in fragile 
societies elevate the risk of major conflict. 

Climate impacts like extreme drought, flooding, storms, temperatures, sea level 
rise, ocean acidification, and wildfires - occurring more frequently and more 
intensely across the globe - will inevitably create political instability where 
societal demands for the essentials of life exceed the capacity of governments 
to cope. As noted above, fragile governments will become failed states, and 
desperation and hopelessness will drive whole populations to be displaced on a 
scale far beyond what we see today. And this turmoil and power vacuum 
creates a more fertile breeding ground for extremists and the terrorism that can 
follow. 


The U.S. Military will be called to respond to these new threats - mobilizing to 
meet the needs of humanitarian crises, like our response to the 2004 tsunami in 
Indonesia. At the same time, we will be confronted with more frequent resource 


4 



274 


based conflicts in the most volatile regions of the world. Climate-driven 
disruption is such a viable threat that the Pentagon has already started to 
prepare contingencies for such scenarios, and will focus on the issue in its 2010 
Quadrennial Defense Review, as will the State Department in its Quadrennial 
Diplomacy and Development Review. 

At the same time - and this is at the nexus of climate change, energy and 
national security - increasing demand for, and dwindling supplies of fossil fuels 
will add greatly to this instability, in many of the very same places worst hit by 
climate change. 

In our second report, Powering America's Defense: Energy and the Risks to National 
Security, the CNA Military Advisory Board concluded that America’s current energy 
posture constitutes a serious and urgent threat to national security - militarily, 
diplomatically and economically . 

Militarily, our dependence on oil stretches our military thin because we are 
obliged to protect and ensure the free flow of oil in hostile or destabilized regions 
- even as our troops are on their third and fourth deployment in Iraq and 
Afghanistan. Protecting our oil dependence jeopardizes our military and exacts 
huge price tag in dollars and lives. 

Beyond assuring the free flow of oil, our nation’s, and our military's inefficient use 
of fuel adds to the already great risks assumed by our troops. It reduces combat 
effectiveness and puts our troops - more directly and more often - in harm's 
way. 

Fuel convoys can stretch over great distances, traversing hotly contested territory 
and become attractive targets for enemy forces. Ensuring convoy safety and fuel 
delivery requires a tremendous diversion of combat force. As in-theater energy 
demand increases, more assets must be diverted to protect fuel convoys rather 
than to directly engage enemy combatants. 

We saw this in Iraq and we are certainly seeing it again in Afghanistan where the 
tempo of military operations, the size of the force and its effectiveness is literally 
paced by our ability to get fuel when and where it's needed. 

Outside the theater of combat, our country’s dependence on oil undermines our 
foreign policy goals and US leverage because it entangles us with hostile 
regimes. The United States sent $386 billion dollars overseas in 2008 to pay for 
oil; much of this money went to countries that are hostile to our interests. 

This dependence cripples our foreign policy and weakens our leverage 
internationally and limits our options. Much too frequently we find ourselves 
entangled with unfriendly rulers and undemocratic nations, simply because we 
need their oil. 
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But unlike what many believe - it is not just foreign oil that jeopardizes our 
energy security. It is all oil . We simply do not have enough sustainable oil 
resources in this country to free us from the stranglehold of those who do. The 
Military Advisory Board concluded our dependence on all oil is a national 
security threat in part because the United States controls only 3 percent of the 
world’s known oil reserves but uses over 25 percent of the world’s oil supplies - 
we will never have enough domestic supply to meet our need for this fuel so we 
must deliberately and effectively wean ourselves from it. 

And, our report concluded that it is not just all oil, but all fossil fuels that pose an 
unacceptable level of risk to our nation exploitable by those who wish to do us 
harm. 

We identified a series of converging risks posed by our fossil fuel dependence. 

Economically - it undermines our stability. As I noted earlier, our approach to 
energy is a key part of our current financial crisis. We are heavily dependent on 
a global petroleum market that is highly volatile. In the last year alone, the per- 
barrel price of oil climbed as high as $140, and dropped as low as $40. But this 
price volatility is not limited to oil - natural gas and coal prices also had huge 
spikes in the last year. The benchmark Central Appalachian coal price hit $175 
per short ton. While economic downturn has caused those prices to come down, 
they still remain high and will continue to climb again once the economy 
recovers. While these resources may be plentiful, they are increasingly difficult 
to access, and have associated local environmental impacts, such as slurry spills 
and smog. The economic and environmental costs are steep. 

There are many who say we cannot afford to deal with our energy issues right 
now. But if we don't address our long-term energy profile in significant ways, 
beginning now - future economic crises will dwarf this one. The price shocks of 
1973-74, the late 1970s/early 1980s, and early 1990's were ail followed by 
recessions. If oil prices rose to $200 per barrel, the U.S, would spend $1 .5 trillion 
per year on oil, which would be equal to 22% of take-home pay (for ail Americans 
who pay taxes). In other words, the U.S. will be broke long before oil prices hit 
$200 per barrel, and the rest of the world would be sure to follow . 

The bottom-line is we can invest now in changing our energy posture or pay 
much more later, with far fewer options available. The current economic 
recession will end, U.S, energy demands will increase, and the volatile cycle of 
fuel prices will become sharper and shorter because the market for fossil fuels 
will be shaped by finite supplies and increasing demand. Continuing the United 
States’ pattern of energy usage in a business-as-usuai manner creates an 
unacceptably high threat level. 
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Unless we take steps now , not later, to prevent, mitigate and adapt to these 
challenges, the conflict over finite resources - from food to fuel - caused by 
rising energy demand and accelerating climate change will lead to a significant 
increase in conflicts, and in conflict Intensity. 

We need to carefully avoid the temptation to ignore these connections, and take 
only small steps to address narrow issues. Large, interconnected security 
challenges require bold, comprehensive solutions. 

‘‘We face,” as the late John Gardner once said “a series of opportunities brilliantly 
disguised as unsolvable problems.” 

Members of the Committee, we must recognize we are at a pivotal moment in 
history, facing a Gordian knot unlike any the world has seen before. Those who 
say that now is not the time to act fail to recognize the gravity and urgency of our 
energy and climate change challenges - but they also fail to understand the 

opportunity . 

There is a new multibillion-dollar revolution underway in clean technology around 
the world. And there is compelling evidence that clean energy policies are 
powerful economic drivers. Precedent setting statewide efficiency standards 
saved Californians $56 billion - the equivalent of $1 000 per household - which 
were spent on goods and services, and created 1.5 million additional jobs. 

Energy efficiency - is the cleanest fuel that need never be mined, drilled or 
burned - and it represents a barely tapped resource that holds enormous power 
for all economies of the world. 

The same is true for a whole host of clean and susfainable energy sources. 

There is general agreement that there is no “silver bullet” to meet our growing 
energy needs, however, there are a lot of “silver buckshof” thaf can be used to 
create a viable portfolio of future energy sources, not reliant on green house gas 
producing feed stocks and technologies. The United States can seize this 
opportunity to bring our great innovation, technology infrastructure and private 
capital to the forefront with the right kind of visionary legislation and policies. 

Perhaps most important is the opportunity these challenges create for us to 
demonstrate, once again, the core values of America leadership to the world. 

How can we expect our enemies, or even our friends and allies, to understand 
the value of freedom and democracy if we are not actively engaged in protecting 
the essential water and soil required for its seeds? Ensuring that fragile 
democracies have the technologies needed to prevent, mitigate and adapt to 
climate change and for cleaner energy self reliance will help grow our economy 
and protect theirs. Most importantly, America’s leadership and key partnership in 
addressing these truly global challenges will act as a powerful catalyst for 
International collaboration to better address a whole host of pressing issues. The 
United States has an opportunity and obligation to lead. We can untie the 
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Gordian knot of energy, climate and national security -- and lead to much greater 
global security. 

Members of the Committee, if we act with boldness and vision now , future 
generations will look back on this as a time when we rose above narrow interests 
and partisan divides to address the most pressing issues of our time. Through 
thoughtful dialogue, effective leadership and united action, we can transform 
daunting challenge into sustained security and prosperity across the planet, 
creating a better quality of life for our nation and for our world. 
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RESPONSES FROM VICE ADMIRAL DENNIS MCGINN 
TO QUESTIONS FROM MEMBERS OF THE SENATE 
ENVIRONMENT AND PUBLIC WORKS COMMITTEE 
October 30, 2009 

Questions from Senator Amy Klobuchar 

Q 1. The science points to an increase in sea level rise, floods, and changes in 
temperatures reflecting an overall warming. Can you choose a few specific examples 
and tell us how these environmental changes, many of which we are already seeing, 
are politically destabilizing regions? 

A: in Africa, projected rising temperatures will dramatically reduce water availability, 
soil moisture, arable land and food production. Combined with increased extreme 
weather events - climate impacts will act to accelerate the destabilization of 
populations and governments. Climate-driven crises are already happening there. Lack 
of water and changing agricultural patterns are at the root of crises in Darfur and 
Somalia, present day examples of failed social structures and governments, leading to 
widespread humanitarian crises and extremism. 

In South and Central America - melting glaciers in Venezuela and the Peruvian Andes 
will directly impact water supplies and hydroelectric power. The Peruvian plains, 
northeast Brazil and Mexico will experience longer and more serious droughts. Land 
degradation and loss of food production will hit hard in Latin America - particularly 
Brazil whose economy is fueled by food exports - possibly leading to social disruptions 
and significant migration. We need only reflect on present immigration and security 
challenges along the U.S. southern border to get a glimpse of what the future could hold: 
immigration driven not by a search for a better economic life but in search of basic 
needs. 

In Bangladesh, the growing threat of more frequent and intense typhoons in the Bay of 
Bengal has the potential for wiping out essential coastal agriculture and fishing areas, 
just as it did in 1991 resulting in Operation Sea Angel. Greater and more prolonged 
coastal typhoon damage would create an unprecedented humanitarian crisis, which 
could drive literally millions of refugees northwest toward India in search of relief. 

As the Himalayan glaciers recede, Asian nations like China, India and Pakistan will have 
to deal with internal and external unrest due to a much less reliable source of water 
from four great rivers - creating floods at some times of the year, prolonged drought 
during others - to meet the needs of growing populations. 40 percent of Asia's four 
billion people live within 45 miles of the coast - a coast that could be inundated by 
rising seas. Even the most modest projections of increased temperature and sea level 
rise include flooding and loss of significant percentages of coastal delta farmland and 
closely settled areas. 
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!n the Middle East, the vast majority of highly diverse populations already depend on 
water sources external to their borders. A greatly increasing competition for 
diminishing supplies of water for agriculture and basic human needs will significantly 
ratchet up tensions in this historically critical region. 


Q 2. In the Spring, I traveled through south Asia with Senators Graham and McCain. 
One of the top concerns 1 heard from the leaders of the nations we visited was about 
climate change. Climate change could increase instability and lead to conflict in 
already fragile regions of the world. In South Asia, India's rivers are vital to 
sustaining agriculture and 

Pakistan is heavily dependent on irrigated farming to avoid famine. The Himalayas 
provide water to both countries, but the water could disappear within a few 
decades. The 

United States is working to decrease tensions in this region while climate change is 
working In the opposite direction. How does this bill put us in a better strategic 
position to deal with or prevent this type of instability? 

A: Unless we take steps now, not later, to prevent, mitigate and adapt to these 
challenges, the conflict over finite resources - from food to fuel - caused by rising 
energy demand and accelerating climate change will lead to a significant increase in 
conflicts, and in conflict intensity. Putting a price on carbon will help create the right 
responses throughout government and the private sector to meet the challenges. 

"We face," as the late John Gardner once said "a series of opportunities brilliantly 
disguised as unsolvable problems." 

We must recognize we are at a pivotal moment in history, facing a Gordian knot 
unlike any the world has seen before. Those who say that now is not the time to act 
fail to recognize the gravity and urgency of our energy and climate change 
challenges - but they also fail to understand the o pportunity . 

Perhaps most important is the opportunity these challenges create for us to 
demonstrate, once again, the core values of America leadership to the world. How 
can we expect our enemies, or even our friends and allies, to understand the value of 
freedom and democracy if we are not actively engaged in protecting the essential 
water and soil retjuired for its seeds? Ensuring that fragile democracies have the 
technologies needed to prevent, mitigate and adapt to climate change and for 
cleaner energy self-reliance will help grow our economy and protect theirs. Most 
importantly, America's leadership and key partnership in addressing these truly 
global challenges will act as a powerful catalyst for international collaboration to 
better address a whole host of pressing issues. The United States has an 
opportunity and obligation to lead. We can cut the Gordian knot of energy, climate 
and national security - and lead to much greater global security. With the right kind 
of visionary mandates and policies, this can happen. 
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RESPONSES FROM VICE ADMIRAL DENNIS MCGINN 
TO QUESTIONS FROM MEMBERS OF THE SENATE 
ENVIRONMENT AND PUBLIC WORKS COMMITTEE 
October 30, 2009 


Senator Lamar Alexander 

Q 1. Do you believe our failure to take the lead in nuclear technology while other 
countries forge ahead creates any potential security threat? For instance, the 
Russians are currently building a nuclear reactor for President Hugo Chavez of 
Venezuela. Would it be better if the U.S. were building that reactor instead of the 
Russians? Does the Russians' more enthusiastic embrace of nuclear technology give 
them an advantage in forging alliances around the world? 

A: The United States is ceding the competitive edge on a whole host of low carbon, 
renewable, clean technologies, including nuclear power. It is imperative that the 
Congress put a price on carbon to create the market certainty for low carbon 
technologies, but Congress should not cherry pick those technologies. If the cost of 
carbon, which currently exists but simply is not calculated, becomes a market 
reality, powerful American forces of ingenuity and innovation will be unleashed to 
find the smartest least expensive low carbon solutions. 

Q 2. Which is more of a threat to the national security of the United.States: a. 
American reliance on Chinese, Indian, and Russian technology for nuclear power, 
scientific innovation and manufacturing capabilities as we would surely see under 
Waxman'Markey - orb. 

0.2 degree increase in the average temperature of the globe? (0.2 degrees 
Celsius is the climate benefit we’ll see if tbe u.s. institutes cap and trade, but other 
countries do not) 

A; My colleagues and 1 did not explore this type of comparison in our evaluation of 
the threats to national security posed by climate change. However, we need to 
recognize that there is a new multibillion-doilar revolution underway in clean 
technology around the world. With the right kind of legislative mandate and ensuing 
national policies, America’s innovation and enormous private sector can put us in a 
great economic and security position, in particular, there is compelling evidence 
that clean energy policies are powerful economic drivers Energy efficiency - is the 
cleanest fuel that need never be mined, drilled or burned - and it represents a 
barely tapped resource that holds enormous power for all economies of the world. 

The same is true for a whole host of clean and sustainable energy sources. There is 
general agreement that there is no “silver bullet" to meet our growing energy needs, 
however, there are a lot of "silver buckshot” that can be used to create a viable 
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portfolio of future energy sources, not reliant on green house gas producing feed 
stocks and technologies. The United States can seize this opportunity to bring our 
great Innovation, technology infrastructure and private capital to the forefront with 
the right kind of visionary legislation and policies. 


3. You said in your testimony that for this to work "It will take al! international 
participation" -It sounds as if we won't get that from China and India. 

a. What happens when the U.S. goes it alone and essentially weakens our own 
economy, manufacturing base, innovation capability, and currency to the ultimate 
benefit of China and India? 


b. Where does the U.S. stand with regard to international competiveness and our 
national security? 

A; CNA's Military Advisory Board reports do not directly address these questions, 
however, in order to be effective, America's leadership in the world community 
must be on the basis of both example and partnership. If we do not step forward, in 
both word and deed, we cede a critical position of moral authority and diplomatic 
leverage to address the truly global challenges of climate change and energy 
insecurity. We cannot allow other nations' reluctance to act be an excuse for no 
action on our own part, nor can we allow them to say that coordinated action is 
impossible due to a lack of U.S. leadership. 
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Senator Boxer. Thank you very much. 

And now we turn to a minority witness who is here, and we wel- 
come you, Major General Robert H. Scales, retired. 

STATEMENT OF MAJOR GENERAL ROBERT H. SCALES, 

U.S. ARMY (RETIRED) 

Mr. Scales. Thank you very much. Madam Chairperson. It is in- 
deed an honor to address this hearing on the national security im- 
plications of the Clean Energy Johs and American Power Act. 

Our intellectual and popular culture thrives on speculating about 
the horrific effects of mega-disasters. But the historical record 
strongly suggests that such devastating disasters rarely if ever re- 
sult in large scale wars. In fact, more often than not, sadly, wars 
cause pandemics, starvation and societal dislocation rather than re- 
sult from them. 

If the more popular climate change models are right, perhaps 
some time in the very distant future glacial fed rivers might dry 
up, sea levels might rise and areas of the planet might become 
more waterless. Some environmental scientists conclude that such 
a climatic crisis would precipitate human friction in the form of 
mass migration away from ocean fronts, river valleys and regions 
of the world that suffer from drought. 

The problem is that even if such disasters occur, they will not 
likely be a cause for serious wars, particularly a war between a 
major competitor and the United States. In fact, a brief turn 
through the historical record suggests that periods of great societal 
stress causing enormous suffering and dislocation reduce the likeli- 
hood of state versus state conflict. 

Mass misery caused by climatic and environmental disasters oc- 
curs so slowly that populations adjust through migration and soci- 
etal atrophy. Such phenomena create social miasma that inhibits 
rather than fuels aggression. In a word, states about to collapse 
from the consequences of natural disasters are more concerned 
with survival than picking a fight with a global competitor. 

Wars that affect major nation-states will be precipitated in the 
future by the same factors that have ignited conflict for millennia. 
A far greater strategic threat, at least in the shorter term defined 
by the next 20 years, will come from a dramatically reduced access 
to raw and refined fossil fuels that likely be an unintended con- 
sequence of this bill. 

This argument rests on two premises. First, that fossil fuels will 
continue to power our war making capability for generations. And 
second, that this bill may reduce our ability to surge fossil fuel pro- 
duction should we face the threat of a large scale major war in the 
future. 

There is no scientific evidence that suggests that wars will be 
propelled and sustained by any power source other than fossil fuels 
in the future. Dominance in machine warfare on the land, sea and 
in the air requires fuels that generate the greatest combustion and 
heat from the smallest volume. Only fuels derived from petroleum 
will be capable of propelling aircraft, most ships and ground vehi- 
cles on and over battlefields where performance is measured by 
how efficiently fuels can be transferred into energy. 
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Industrial age machines must still be produced in large numbers 
to win against a large scale competitor. Ships, vehicles, guns and 
aircraft will continue to be made predominantly from steel, alu- 
minum, rubber and titanium. And all of these machines and the 
material to support them must be transported to the theater of war 
and across and over the battlefield with fossil fueled engines. 

This bill might well over the decades slowly diminish the ability 
to produce fossil fuels in the strategic confines of American terri- 
tory. According to one study, refining capacity could plummet be- 
cause the cost of doing business would soar. Production at U.S. re- 
fineries would drop while production in countries that do not limit 
greenhouse emissions would rise. 

We have no assurance that off shore refining would take place 
in regions secure from foreign power influence. According to several 
studies, the United States would have to increase its petroleum im- 
ports by one-fifth by 2030 as our domestic production would plum- 
met by as much as 25 percent. Should we suffer such consequences, 
the ability of the United States to surge its wartime energy produc- 
tion might well be held hostage to foreign influence. 

This bill would reduce American industrial capacity as the very 
industries essential for the production of war fighting material 
would move overseas. Recent studies suggest that this bill would 
result in a loss of industrial production of over 6 percent by 2030 
and a consequent loss of over half a million manufacturing jobs, 
many of those in the defense industry. 

Nothing in this bill will reduce the likelihood of American in- 
volvement in future wars, nor will it improve America’s war mak- 
ing capabilities. Indeed, over the decades, the consequences of this 
bill might well reduce American influence and retard our ability to 
deter and fight wars in the future. 

Thank you. 

[The prepared statement of Mr. Scales follows:] 
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Statement by 
MG (Ret) Robert H Scales 
Before the 

Senate Committee on the Environment and Public Works 
October 28* 2009 

Hearings on Climate Change and National Security 


I am honored to address this hearing on the implications of the Clean Energy Jobs and American Power 
Act on American security. For the record I would like to begin with two important stipulations. First, I am 
a historian and a military futurist, not an environmental expert. I have deep reservation concerning the 
science behind the warnings about global climate change contained in this bill but I will not argue them 
here. Instead I will attempt to contrast the security risk inherent in a possible long term rise in earth's 
temperature with the shorter term risks inherent in a potential loss of fossil fuel production and 
economic slowdown that will likely he the consequence of this bill. Second, I have no relationship 
whatsoever with the energy industry or any corporation or think tank that advocates for these 
industries. I am not being paid for my testimony by anyone. 

Our intellectual and popular culture thrives on speculating about the horrific effects of mega disasters. 
All too often we read about how global conflagrations will emerge as a consequence of world hunger, 
pandemics, a population explosion, water shortage, asteroid strikes and, lately of course, global 
warming. To be sure such unlikely events would cause enormous suffering and societal dislocation. But 
the historical record strongly suggests that such devastating humanitarian disasters rarely if ever result 
in large scale wars. In fact more often wars cause pandemics, starvation and societal dislocation rather 
than result from them. 

If the more popular climate change models are right (and I'm not sure they are) perhaps some time in 
the very distant future, perhaps several generations from now glacial fed rivers might dry up, sea levels 
might rise and arid areas of the planet might become more waterless. Some environmental scientist 
conclude that such a climatic crises will precipitate human friction in the form of mass migrations away 
from ocean fronts, river valleys and regions of the world suffering from draught. This argument has been 
accepted by some military theoreticians. The problem is that even if such disasters occur they will not 
likely be a serious cause for war, particularly a war between a major peer competitor and the United 
States. In fact a brief turn through the historical record suggest that periods of great societal stress 
causing enormous suffering and dislocation reduces the likelihood of state versus state conflict. Mass 
misery caused by climatic and environmental disasters occur so slowly that populations adjust through 
migration and social atrophy. Such phenomena create social miasma that inhibits rather than fuels 
aggression. In a word states about to collapse from the consequences of natural disasters are more 
concerned with survival than picking a fight with a global competitor. 
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Wars that affect major nation states will be precipitated in the future by the same prosaic and 
predictable factors that have ignited human conflict for millennia; miscalculations by egomaniacal 
leaders, the coveting of territory, contests over strategic resources such as oil, simple greed, religious or 
ideological fanaticism as well as many other forms of political, social and tribal friction. A far greater 
strategic threat, at least in the shorter term defined by the next twenty years, will come from a 
dramatically reduced access to raw and refined fossil fuels that will likely be an unintended consequence 
of this bill. This argument rests on two premises; first, that fossil fuels will continue to power our war 
making capability for generations; and, second, that this bill may reduce our ability to "surge" fossil fuel 
production should we face the threat of large scale war in the future. 

There is no scientific evidence that suggests that wars will be propelled and sustained by any power 
source other than fossil fuels. During the late nineties I created and superintended the "Army After 
Next" series of strategic wargames. These games are still being conducted as the "Unified Quest" 
strategic games at the Army War College. In virtually every game we asked scientists from think tanks, 
the government and academia to offer evidence that fossil fuels will be replaced by other sources of 
power such as hydrogen, nuclear and electricity. During these and many subsequent games and studies, 
in spite of assiduous efforts to postulate alternatives, so far none have been found. The reasons are 
simple, consistent and unambiguous: we win wars by producing fighting machines more capable than 
the enemy's. Dominance in machine warfare on the land, sea and in the air requires fuels that generate 
the greatest combustion and heat from the smallest volume. Only fuels derived from petroleum will be 
capable of propelling aircraft, most ships and ground vehicles on and over battlefields where 
performance is measured by how efficiently fuels can be transferred into energy. 

Big wars will require that the nation "surge" its war-making capability in a very short time. To be sure 
the United States will gain substantial advantage on future battlefields by exploiting its superior 
information technology. Such an advantage will be sustained with a relatively low fuel cost. But 
industrial age machines must stilt be produced in large numbers to win against a large scale competitor. 
Ships, vehicles, guns and aircraft will continue to be made predominately from steel, aluminum, rubber 
and titanium. Ammunition and missiles will continue to require nitrates for explosives. An all of these 
machines and the materiel to support them must be transported to the theater of war and across and 
over the battlefield with fossil fueled engines. 

Since the beginning of the twentieth century the single most critical resource for the national security 
health of major powers has been petroleum. After the Royal Navy converted from coal to steam 
propulsion during the inter war years access to oil in the Middle East through the Suez Canal became a 
corner stone of British defense and diplomatic policies. Perhaps the single most compelling motive for 
Japan's surprise attack on Pearl Harbor was the need to gain access to the oil rich Dutch East Indies. 
After months of failure the American strategic bombing campaign against Nazi Germany hit pay dirt 
when the central target shifted from industrial to oil production in iate 1944. It goes without saying that 
much of American foreign policy and much of our war-making efforts have been devoted to protecting 
our access to overseas oil resources. 
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If the forecasts are correct this bill will, over the decades, slowly diminish the ability to produce fossil 
fuels in the strategic confines of American territory. According to one study American refining capacity 
could plummet because the cost of doing business would soar. Production at U S refineries would drop 
while production in counties that do not limit green house emissions would rise. We will have no 
assurance that off shore refining would take place in regions secure from foreign power influence. 
According to this study the United States would have to increase its petroleum imports by one fifth by 
2030 as our domestic production would plummet by as much as 25%. Should we suffer such 
consequences the ability of the United States to surge its wartime energy production might well be held 
hostage to foreign interference and, sadly, our young men and women might well find themselves 
permanently stationed in areas of great danger and volatility in order to secure American access to 
foreign oil. 

In a democracy the military power of the state rests ultimately on its economic health and resiliency. 

This bill would in fact reduce American industrial capacity as the very industrial age industries essential 
for the production of warfighting materiel move overseas to avoid the punishing consequences of this 
bill. According to recent studies this bill would result in a loss of industrial production of over 6% by 2030 
and a consequent loss of over half a million manufacturing jobs. These are the very workers who we 
would rely on to produce the materiel needed to win a future war against a major competitor. 

Advocates of this bill believe passionately that it will reduce America’s production of greenhouse gasses. 
Some suggest that it will create jobs. They may or may not be correct. But nothing in this bill will either 
reduce the likelihood of American involvement in future wars nor will it improve America's war making 
capabilities. Indeed over the decades the consequences of the bill might well reduce American influence 
and retard our ability to deter and fight wars in the future. 

Secure access to sources of oil has been a major goal of every major nation's war making strategy since 
the invention of the internal combustion engine. The Japanese started a war to secure access to it, Nazi 
Germany lost a war because of it and, without increasing American domestic production, our armed 
services might well be engaged in shooting wars over access to it for many generations. Reducing green 
house gasses is an important national goat. But we should never risk the lives of our men and women in 
uniform nor increase our vulnerability a future enemy to achieve it. 
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Environment and Public Works Committee Hearing 
October 28, 2009 

Foliow-Up Questions for Written Submission 
Questions for Scales 

Questions from: 

Senator Amy Kiobuchar 

1. The science points to an increase in sea level rise, floods, and changes in temperatures 
reflecting an overall warming. Can you choose a few specific examples and tell us how 
these environmental changes, many of which we are already seeing, are politically 
destabilizing regions? 

Answer: 

Environmental changes have yet to affect stability in any region of he vvorld and probably will 
not over the next few decades. Instability rarely if ever results from environmental changes 
because these changes occur so slowly that populations adjust and governments adapt. Political 
destabilization occurs principaliy due to traditional reasons: greed, a contest for resources, 
territorial ambitions, as well as ideology and religious zeal. Therefore military deployment that 
respond to environmental changes will be for humanitarian not military' motives. 

2. In the Spring, I traveled through south Asia with Senators Graham and McCain. One of the top 
concerns 1 heard from the leaders of the nations we visited was about climate change. Climate 
change could increase instability and lead to conflict in already fragile regions of the world, in 
South Asia, India's rivers are vital to sustaining agriculture and Pakistan is heavily dependent on 
irrigated farming to avoid famine. The Himalayas provide water to both countries, but the water 
could disappear within a few decades. The United States is working to decrease tensions in this 
region while climate change is working in the opposite direction. How does this bill put us in a 
better strategic position 
to deal with or prevent this type of instability? 

Answ'er: 

fhc hill docs nothing to decrease tensions because tensions do not result from climate changes. 
Pakistan and India are tense because of Cashmere and a half century of wars between the iw'o 
countries. 
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Senator Lamar Alexander 

1 . Do you believe our failure to take the lead in nuclear technology while other countries 
forge ahead creates any potential security threat? For instance, the Russians are currently 
building a nuclear reactor for President Hugo Chavez of Venezuela. Would it be better if 
the U.S. were building that reactor instead of the Russians? Does the Russians' more 
enthusiastic embrace of nuclear technology give them an advantage in forging alliances 
around the world? 

Answer; 

1 believe that the United States has fallen behind in the development and deployment of nuclear 
power because of environmental disinformation and politics. The Navy has been operating 
nuclear powered ships for over halfa century. Yet virtually every attempt to build a nuclear 
power facility in the United Slates has been rejected by communities that have been unduly 
influenced by false information about the dangers of nuclear power. We simply must overcome 
the political harriers against nuclear power and construct nuclear power plants a.s fa.st a.s pos.siblc. 

2. Which is more of a threat to the national security of the United States: 

a. American reliance on Chinese, Indian, and Russian technology for nuclear power, scientific 
innovation and manufacturing capabilities as we would surely see under Waxman-Markey - or - 

b. 0.2 degree increase in the average temperature of the globe? (0,2 degrees Celsius is the climate 
benefit we'll see if the U.S. institutes cap and trade, but other countries do not) 

No question that American reliance on foreign nuclear technology is the greater national security 
threat. 



289 


Senator Boxer. Thank you very much. 

And now we go to a majority witness, and I am just going to take 
a minute to let everybody know who Drew Sloan is. 

Drew Sloan is pursuing a joint MBA and MPA from Harvard 
Business School and Harvard Kennedy School. He spent 5 years in 
the U.S. Army where he served in Afghanistan and Iraq. He was 
awarded two Bronze Stars and a Purple Heart. He graduated from 
the United States Military Academy at West Point in 2002. And we 
are just so honored to welcome you here today. Thank you. 

STATEMENT OF ANDREW SLOAN, CAPTAIN, U.S. ARMY 
(RETIRED); FELLOW, TRUMAN NATIONAL SECURITY PROJECT 

Mr. Sloan. Thank you. 

Madam Chairwoman, Ranking Member Inhofe, members of the 
committee, ladies and gentlemen, it is my honor to be here with 
you today to discuss this very important issue of climate change 
and national security. 

I give the following testimony under the assumption that the 
world’s climate is changing, and the burning of fossil fuels and in- 
creased deforestation are the main drivers of that change. Further- 
more, in the coming years, this change will lead to more severe and 
frequent precipitation events and prolonged periods of drought for 
many areas. These are environmental changes, but they will have 
human impacts, both here and abroad. 

The effects of climate change are the ambushers on the horizon. 
Our great military cannot take a hill that will stop temperatures 
from rising, or wage a counterinsurgency against a storm surge. An 
exquisitely coordinated bombing campaign cannot stop glaciers 
from melting nor can all the ships in our Navy prevent sea levels 
from rising. However, while the military cannot stop climate 
change, it will be the institution that will be forced to deal with it. 

As a former infantry officer with combat experience, I believe I 
have an appreciation for what I think our forces will face if we do 
not act decisively against climate change. Please allow me to 
present a potential climate change induced security threat. 

In Bangladesh, 10 percent of the country’s 155 million citizens 
live just 2 to 3 feet above sea level. Storm surges, magnified by ris- 
ing sea levels, could very conceivably create a quasi-permanent 
state of flooding. This flooding of sea water would damage water 
sources and ruin crops. Water and food become increasingly scarce, 
and sanitation levels begin to plummet, opening the door for dis- 
eases such as malaria and cholera. 

People, potentially millions of people, will be forced to relocate 
but have no good options as to where to go. India, by this time, will 
have completed the wall that they are already building to keep the 
Bangladeshis out, so they will not be able to go there. The central 
government in Dhaka will potentially be overwhelmed by these 
events. 

With nowhere for people to go, refugee camps will be created, 
and a case for a humanitarian mission will be made. As if often the 
case, anger, bitterness and hopelessness will spread throughout 
these camps, and like the mosquitoes born in the stagnant water 
left after the floods, extremism will be born and spread as well. 



290 


In a relatively short span, climate change has turned the already 
poor nation of Bangladesh into a failed state, potentially desta- 
bilized an entire region, sparked a humanitarian crisis, and created 
a breeding ground for extremists. All of these conditions will neces- 
sitate a response from our national security apparatus. 

This conceivable situation is what I think of when I picture what 
General Anthony Zinni, former CENTCOM Commander, was refer- 
ring to when he acknowledged that failing to reach our greenhouse 
gas emissions will force us to pay a price in military terms that 
will involve human lives and exact a human toll. This is the 
human face of climate change, and this is the national security 
threat. 

While the situation I described above is hypothetical, the threat 
and demands it would place on our military are not that abstract. 
In fact, in 2004, when a tsunami devastated large portions of Indo- 
nesia, it was the American military that responded. In 1992, Amer- 
ica sent its military into Somalia to feed those forced into starva- 
tion by prolonged periods of drought. A military response is re- 
quired largely because the military was, and remains, the only in- 
stitution capable of such a response. 

While these actions of benevolence and generosity arguably de- 
picted America at its best, they were not without cost. Operations 
in Indonesia cost an average of $5 million a day. When relief 
turned into peacekeeping in Somalia, 16 Army Rangers lost their 
lives. 

As a changing climate increases the severity of droughts in Afri- 
ca and the intensity of storms in Asia, the demand for an American 
response will increase as well. Not only will this be costly in dollar 
and human terms, but it will also likely impede the military’s abil- 
ity to adequately address the more conventional threats that are 
sure to arise. As climate change wreaks havoc across the world, so, 
too, will it wreak havoc on the military’s ability to properly handle 
the Nation’s national security interests. 

I stand here before you today as a former infantryman, as a 
graduate of West Point, as an educated citizen to unequivocally 
urge this body to chart a new path away from the climate change 
ambush, to pass legislation that meets the threat of climate change 
head on by stimulating our economy and our people through the 
creation of a clean, new energy system for America. 

America can and must do better. The security of our Nation de- 
pends upon it. 

Thank you, and I have also submitted a written statement. 

[The prepared statement of Mr. Sloan follows:] 
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SENATE COMMITTEE ON ENVIRONMENT 
AND PUBLIC WORKS 
ON 

CLIMATE CHANGE AND NATIONAL SECURITY 
OCTOBER 28. 2009 

Chairman Boxer, Ranking Member Inhofe, Members of the Committee, Ladies and 
Gentlemen, I am honored to appear here today with this distinguished panel to discuss the 
incredibly important issue of climate change and national security. I am currently a dual- 
degree graduate student at Harvard Business School and the Harvard Kennedy School of 
Government. More importantly for these hearings, however, 1 am also a former Captain in 
the US Army with tours in both Iraq and Afghanistan. Additionally, I have worked with 
Amory Lovins at Rocky Mountain Institute as well as spent time at the National Renewable 
Energy Laboratory. It is through this combination that 1 feel qualified to speak to the 
challenges that our nation’s national security apparatus will face as the impacts of climate 
change become more pronounced. 

I give the following testimony under the assumption that the world’s climate is changing and 
that the burning of fossils fuels and increased deforestation since the beginning of the 
Industrial Revolution has artificially accelerated this change. Reports produced by the 
Intcrgovemmental Panel on Climate Change reveal that global atmospheric concentrations 
have increased markedly as a result of human activities since 1750 and now far exceed pre- 
industrial values.' In fact, the IPCC states that CO 2 levels have increased from 280 ppm to 
379 ppm over that time with the fastest acceleration coming in the last 10 years. 

Additionally, continuous measurements taken from the observatory atop Mauna Loa, Hawaii 
depict a steady rise in atmospheric CO 2 levels since the measurements began in the 1950s.'' 

Again according to the IPCC, a steady rise in C02 levels will likely to almost certainly result 
in severe changes to the world’s climate. The effects of this change are deemed very likely to 
result in a rise of average world temperatures and increased precipitation events in tenns of 
severity and frequency. The IPCC further stipulates that climate change will likely result in 
more areas being affected by drought conditions, increases in intense tropical cyclone 
activity, and a greater incidence of extreme high sea levels.^ These are environmental 
changes, but they will have human impacts- both here and abroad. 

1 am not and never have been a scientist. But I have been a soldier in combat and like all 
soldiers in combat. I’ve had to make decisions with less than perfect information and various 
levels of uncertainty. As former Army Chief of Staff, General Gordon Sullivan wrote in a 
study on national security and climate change, “if you wait until you have 100% certainty. 
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something bad is going to happen to you on the battlefieid.” The reaiity in combat is that 
absolute certainty is a very rare commodity. However, if 99 out of 100 different sources 
came to me and said that if 1 kept leading my soldiers down a certain path then we’d almost 
certainly get sniped at, very likely to be targeted by a roadside bomb, and likely to get 
ambushed from all sides, then I’d change my plan. I’d rather find another way to accomplish 
my mission than listen to a lone outlier simply because his advice allows me to continue 
down the road I’m already on. 

That is what 1 would have done in Afghanistan and it’s what America must do now. Though 
experts and scientists have been warning us for years that we are walking into an ambush, we 
have ignored this advice and chosen instead to listen to the relative few w'ho tell us that there 
really is no ambush or that if there is one, it won’t be that bad. I’ve been ambushed- my face 
will always bear the scars from that day — and I can tel! you that from the receiving end, all 
ambushes are bad. The time has come for America to stop hiding from the danger of climate 
change and instead lead the world in the fight against it. 

Our nation’s military, as great as it is, cannot take a hill that will stop temperatures from 
rising or wage a counterinsurgency against a storm surge. An exquisitely coordinated 
bombing campaign cannot stop glaciers from melting nor can ail the ships in our Navy 
prevent sea levels from rising. If the w'orld is to stop these things from happening then the 
fight must start here. It must start here in the halls of Congress and emanate throughout the 
government and private sector in the form of the creation of a vibrant, clean economy that 
revitalizes, not suppresses this great nation and those who live within it. 

If Congress and America fail to lead on this issue then there will be a role for the military to 
play. More violent storms will wreck havoc both on our cities and our many military bases 
that are located along the coasts and will require a response from our military. We saw this 
during the aftermath of Katrina when, amidst two wars, a brigade from the 82'”* Airborne 
Division was sent from North Carolina to New Orleans to assist in the stabilization effort. 
Melting in the Arctic has opened sea-lanes that have never been open before requiring a 
naval response as well as increasing tensions over the potential resources located in what was 
a previously inaccessible area. These are military realities caused by climate change. 

In regards to America’s interna! coastal protection or defending of the new Arctic sea 
passages, I am not and never claimed to have been a reconstruction engineer or a naval 
officer. 1 was an Infantry officer. I lead .soldiers on the ground in hostile situation,s and my 
experiences there have given me an appreciation for what our fighting men and women will 
face in the future if we do not act decisively against climate change. 

Who among u.s would stand by and watch our loved ones slowly wither away and die from 
starvation? Who w'ould not look to relocate if the area where you lived contained less and 
less drinking water, year after year? Or if the land you lived on was flooded so often that you 
and your family were almost permanently living in water, unable to find food and 
increasingly susceptible to diseases such as malaria, dengue fever, or cholera? 

The answer is that we would all go elsewhere and that they — those living in areas that will be 
particularly hard hit by climate change such as sub-Saharan Africa or Southern and Southeast 
Asia— all will as well. The question that we must be asking is not just where will people go, 
but how arc the people already living there going to react? This scenario could play out in a 
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number of areas, but let me quickly describe how one such situation could develop and how 
it would impact our national security. 

If sea levels continue to rise, low-lying communities become increasingly vulnerable to storm 
surges not to mention tsunamis like the one that devastated large swaths of Southeast Asia in 
2004. This is a particularly salient fact for Bangladesh given that 46% of its population, or 
7 1 million people, lives in lovv-lying areas."* 15 million of those live just 2-3 feet above sea 
level.^ Unimpeded climate change looks like the follovving for the people of Bangladesh. 

Storm surges magnified by rising sea levels create a quasi-permanent state of flooding. This 
flooding of seawater makes a vast majority of the water supply undrinkable and unusable for 
agriculture. Millions then find themselves existing in flooded land without adequate sources 
of clean, potable water or sufficient mcan.s to produce or procure food. Sanitation levels 
diminish and, combined with a lack of clean water, diseases such as cholera and malaria 
begin to wreck havoc. People — potentially millions of people — will be forced to relocate, 
but have no good options as to wear to go. India by this time will have completed the wall 
that they are already building to keep the Bangladeshis out, so they won’t be able to go there. 
The central government in Dhaka will potentially be overwhelmed by these events. 

With nowhere for people to go refugee camps will be created and a case for a humanitarian 
mission, likely involving the U.S. in some capacity, will be made. As is often the case, 
anger, bitterness, and hopelessness will spread through these camps and, like the mosquitoes 
bom in the stagnant water left after the floods, extremism will be borne and spread as well. 

In a relatively short span, a change in the climate has turned the already relatively poor nation 
of Bangladesh into a failed state, potentially destabilized an entire region, sparked a 
humanitarian crisis, and created a breeding ground for extremists. All of these conditions 
will necessitate a response from our national security apparatus. This conceivable situation is 
what I think of when 1 picture what GEN Anthony Zinni, former CENTCOM Commander, 
was referring to when he acknowledged that failing to reduce our greenhouse gas emissions 
will force us to pay a price in military terms that will involve human lives and exact a human 
toll.*’ This is the human face of climate change. This is the national .security threat. 

While the potential situation 1 described above is hypothetical, the threat and demands it 
would place on the US military are not that abstract. In 2004, when a tsunami devastated 
large portions of Indone.sia, it was the American military that responded. A military response 
was required largely because the militaiy was, and remains, the only institution in the world 
capable of combining the security and logistical capabilities necessary for such an operation. 
In 1992, America sent its military into Somalia to feed those forced into starvation by 
prolonged periods of drought. 

While these actions of benevolence and generosity arguably depicted America at its best, 
they were not without cost. Operations in Indonesia cost an average of $5 million dollars a 
day.' When relief turned into peacekeeping in Somalia, 16 US Army Rangers lost their lives. 
As a changing climate increases the severity of droughts in Africa and the intensity of storms 
in Asia, the demand for an American response w'ill increase as well. Not only will this be 
costly in dollar and human terms, but it will also likely impede the military’s ability to 
adequately address the more conventional threats that arc sure to arise. As climate change 
wrecks havoc across the world so too will it wreck havoc on the military’s ability to properly 
handle the nation’s national security interests. 
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! stand before you today as a foiTner Infantryman, as a graduate of West Point, and as an 
educated citizen to unequivocaity urge this body to chart a new path away from the climate 
change ambush that our current course is leading us towards. To pass legislation that meets 
the threat of climate change head on by taking the appropriate and responsible measures to 
stimulate our economy and our people through the creation of a clean, new energy system for 
America. America can and must do better — the security of the nation depends on it. 


IPCC Interim Working Group Report 1, April 2007, ; IPCC Synthesis Report, November 2007. 
(http://www.ipcc. ch/publication.s and data;'pubiications_ipcc_fourth_asse.ssment_report_synthesis_repoit.h 
tm) 

" NOAA Climate Monitoring and Diagnostic Laboratory 

^ IPPC. 

Busby, Joshua “Climate Change and National Security: An Agenda for Action," Council on Foreign 
Relations (http://uavw.cfr.Org/pubiication/i4862./climate_change_and__national_security.hlm!) 

^ CN A Report on "National Security and the Threat of Climate Change" (April 2007) 
(http;/7wvvw.cna.org/nationalsecurity./climate0 

^ ib.id. 

' US State Department report on “Going the Distance: The U.S. Tsunami Relief Effort 2005" 
h!,tp.;.//w\vw.cia(.)net.o.rg/wps/dodl47/dod 147.pdf 
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Environment and Public Works Committee Hearing October 28, 2009 
Follow-Up Questions for Written Submission 

Answers by Drew Sloan 

Questions from Senator Klobuchar: 

The science points to an increase in sea level rise, floods, and changes in 
temperatures reflecting an overall warming. Can you choose a few specific examples 
and tell us how these environmental changes, many of which we are already seeing, 
are politically destabilizing regions? 

In its Global Trends 2025 Report, the National Intelligence Council found that .Sub-Saharan 
Africa, the Middle East, and Central and Southeast Asia are most vulnerable to the purported 
effects of climate change such as increased drought, flooding, extreme weather, and hunger. 

A 2007 report issued by the Center for Naval Analysts (CNA) suggested that countries such 
as Kuwait, Kenya, and Somalia would be most affected by drought and water shortages while 
Southea.st Asian countries such as Bangladesh and Sri Lanka arc at great risk to sustain 
significant damages to their way of life from increa.scd precipitation events. 

A recent LA Times article highlighted the difficulties that Kenya— until recently a quite 
stable African nation — i,s having dealing with an ever-increasing number of both climate 
refugec.s from Somalia as well as internally displaced Kenyans who are abandoning their 
homes and traditional ways of life becau.se changes in the weather are making it impossible 
for them to survive. 

In my testimony, I referred to a potential situation in which climate change could 
significantly weaken the central government of Bangladesh. 15 million Bangladeshis live 
just 2-3 feet above seawater. Storm surges, magnified by rising sea levels, could potentially 
create quasi-permanent flooding that would taint water sources, ruin crops, and eventually 
force people to migrate away from the coastlines. As an already poor country, it is difficult 
to imagine that this migration would not place severe strain on the central government in 
Dhaka, Refugee camps would emerge and within them the potential for extremism to be 
borne and spread is quite high. In this scenario, laid out in greater detail in my testimony, the 
effects of climate change turn a small nation into a failed state, potentially destabilize an 
entire region, .spark a humanitarian cri.sis, and create a breeding ground for extremi.sts. 

Similar scenario.s could play out in a number of states in Sub-Saharan Africa and Southern 
and Southea.st Asia. 

In the Spring, I traveled through .south Asia with Senators Graham and McCain. One 
of the top concerns I heard from the leaders of the nations we visited was about climate 
change. Climate change could increase instability and lead to conflict in already fragile 
regions ofthe world. In South Asia, India’s rivers arc vital to sustaining agriculture and 
Pakistan is heavily dependent on irrigated farming to avoid famine. The Himalayas 
provide water to both countries, but the water could disappear within a few decades. 

The United States is working to decrease tensions in this region while climate change is 
working in the opposite direction. How docs this bill put us in a better strategic position 
to deal with or prevent this type of instability? 

In brief, it is puts another tool in our policy toolkit and allows us to prove to the world that 
America understands that climate change and its potential impacts are real and that we are 
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taking steps to address it. in many ways, we’re probably already past the point where we can 
completely stop or prevent the effects of climate change. However, by acting through the 
production of effective legislation, we will be able to stave off some, though probably not all, 
of the anger that will emerge out of the parts of the world where people are hit the hardest by 
climate change. 
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Senator Boxer. Thank you so much, Mr. Sloan. 

Lieutenant Colonel James Jay Carafano. Is that correct? 
Carafano? 

Mr. Carafano. Yes, Madam. 

Senator Boxer. And you are a minority witness, and please pro- 
ceed. 

STATEMENT OF LIEUTENANT COLONEL JAMES JAY 

CAKAFANO, U.S. ARMY (RETIRED); DEPUTY DIRECTOR, THE 

KATHRYN AND SHELBY CULLOM DAVIS INSTITUTE FOR 

INTERNATIONAL STUDIES; AND DIRECTOR, DOUGLAS AND 

SARAH ALLISON CENTER FOR FOREIGN POLICY STUDIES, 

THE HERITAGE FOUNDATION 

Mr. Carafano. Thank you. I have just five points to make. 

First, you know, I would like to say how constructive and produc- 
tive I think this hearing is and how excited I am to look forward 
to it. What I have heard here today really makes me optimistic be- 
cause I really believe that both sides share common goals. And I 
think that is the most important thing, that both sides, everyone 
interested in this debate, is interested in keeping this country safe, 
free and prosperous. 

I also think that everyone shares a common goal that the United 
States would be a good steward of our global environment. So, I 
find that encouraging and productive and a good basis for moving 
forward. 

The second reason why I think this hearing is amazingly impor- 
tant is because it does state in the Preamble of the Constitution 
that providing for the common defense is the fundamental obliga- 
tion of Government, and I think it would be irresponsible to con- 
sider any major piece of legislation that is going to impact on such 
a vast swath of our economy and really drive our future and not 
think about and ponder the national security implications of what 
is being done. 

That leads me to my third point, which is my perspective for an- 
swering your questions in the way I have. And it really combines 
some three things. The first is my 25 years of military service, a 
lot of which was spent dealing with strategy and policy issues. But 
I had a concomitant career that went along with that, much like 
General Scales, which is as a historian, and much of my historical 
work has been not just on military history but really looking at 
where the lines of military history and science and culture and 
public policy, economic and business, intersect, which I think is rel- 
evant particularly to this issue. 

And the third is, as a professor who researches a lot of what is 
euphemistically called now wicked problems, which is complex pub- 
lic policy problems and deciding how do you find the right way to 
look at the right problem to get to the right answer. 

And this leads me to my fourth point, and here is my concern. 
My concern is that making the case for any major piece of legisla- 
tion based on a conclusion of its long-term impact on either the en- 
vironment or energy production is incredibly problematic. I make 
that statement because in order to draw those kinds of conclusions 
you have to construct a complex system, and a system which in the 
end is so complex that I think it is incredibly unrealistic to think 
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that you can actually draw anything other than merely subjective 
conclusions about how the future is going to unfold. 

I just might illustrate that with an example. Many of you have 
probably heard of or read Jared Diamond’s absolutely terrific book 
called Collapse, in which he does a terrific job talking about histori- 
cally why societies, some societies, fade from the scene. Well, Dia- 
mond lists 12 variables alone that impact on how human environ- 
ment interactions work out. 

And he reaches those conclusions and analysis based on really 
drawing over a century of history and archeology. And he is looking 
backward with hindsight. He is not looking forward to where, and 
you see as the case studies unfold, human decisions and environ- 
mental change constantly change the nature of the problem every 
day. 

So, what my argument is is arguing from a complex systems ap- 
proach that we can predict how the environment, human decisions 
and conflict and violence and humanitarian needs will work out 
over the long term is simply incredibly unrealistic, and using that 
as an argument either for or against this bill I just think is incred- 
ibly inappropriate. 

This leads to my fifth and last point, which is what my rec- 
ommendation would be. My recommendation would be to focus on 
the traditional short-term methods of cost-benefit analysis to deter- 
mine the impact of this legislation and it would have on national 
security. 

So, I think there are realistic issues to address as if our economy 
does decline, that will impact on our ability to fund defense and de- 
fend ourselves. And if our economy does decline and that impacts 
on the global economy in general, well that is much more likely to 
create situations of humanitarian concern and spiraling violence. 
And so I think that has to be weighed against what benefits in the 
short term you would actually gain from this legislation. 

So I would urge you to make that the focus on your deliberations. 
What are the costs and benefits in the short terms of this legisla- 
tion rather than ruminating on what are the long-term implica- 
tions 30, 40, 50 years down the road to either our ability to ensure 
our national security or to ensure the readiness and the cleanness 
of energy and be a good steward of our planet. 

Thank you. 

[The prepared statement of Mr. Carafano follows:] 
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My name is Dr. James Jay Carafano. i am the Deputy Director of the Kathryn and Shelby 
Cullotn Davis Institute for International Studies and the Director of Douglas and Sarah Allison 
Center for Foreign Policy Studies at The Heritage Foundation. The views i express in this 
testimony are my own. and should not be construed as representing any official position of The 
Heritage Foundation. 

Thank you for the opportunity to appear before the committee today and address tliis vital 
subject. As President Barack Obama rightly noted in one of hi,s first directives, his "highest 
priority is to keep the American people safe.”' He is right. The preamble ofthe U.S. Constitution 
states "providing for the common defense" is among the greatest obligations of government, it is, 
therefore, judicious and appropriate for the committee to consider the national security 
implications of major legislation that could well affect our freedoms, safety, and prosperity. 

The Clean Energy Jobs and America Power Act(S. 1733) has engendered tremendous 
controversy. Concerns abound about the legislation's adverse economic consequences, and there 
is skepticism of its affects on world climate trends. 1 will focus my analysis and observations on 
the national security implications of attempting to address climate change through a framework 
established by national legislation. 

The premise behind the proposed legislation is that the United States must create a government- 
run program to reduce the emission of "greenhouse gases,” including carbon dioxide (CO 2 ). The 
bill would establish a complex energy tax scheme to penalize businesses and industries that emit 
these gases. Proponents ofthe legislation have argued that passage is essential to advance U.S. 
national security. Without the law. proponents argue, adverse climate changes will cause nations 
to fail, natural disasters will yield unprecedented humanitarian crises, and states will chronically 
go to combat over the remaining resources. Likewise, they conclude that the legislation will 
break an "addiction to foreign oil[that] hurts our economy, helps our enemies and risks our 
security.’" 1 disagree with both conclusions. 

I conclude that U.S. long-term national security would not be best addressed through legislation 
that attempts to regulate carbon emissions, This assessment is based on my experience as a 
serving military officer of 25 years, much of which revolved around strategy and policy 
planning; a complementary career as a military historian particularly interested in the 
relationship between armed forces and society and the intersection of military affairs, scientific, 
business, cultural, and economic history; and as a professor in post-graduate .studies whose 
research and lectures focus on the methods of analysis used to address complex and intractable 
public policy and national .security issues. 

In my remarks today I would like to do three things: 1) address each ofthe arguments for linking 
global warming and long-term U.S. security interests; 2) discuss what I think should rightly be 


' The White House. Presidential .Study Directive 1, February 23, 2009, p. I . at 
hitp:/'\nm\h.sdl.org/hslogi'?q=n<Kle/47lS (.-•'ipril 10, 2009). 

■ United Stales Senate, “Kerry, Boxer ImoAnce Clean Energy Jobs and American Ptmvr Aci." pres.s relca,se. 
September 20. 2009. at hnp://keny4Vnate.gowcleanenerg}johsandanierwanpuwsi7pdf:'prexsrelease.pcp' {October 
25. 2009). 
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the focus of analyzing the proposed legislation — the short-term security concerns that I believe 
might arise if the bill becomes law; and 3) suggest some efficacious options for addressing 
global warming and energy supply issues in the context of national security. 

The March of Folly — Simple Answer to Complex Problems 

At the root of my concerns over the proposed legislation is that it frames the challenge of global 
climate change, governance, political violence, and worldwide energy supplies as a single 
problem susceptible to resolution by management of a single independent variable. Public policy 
analysis suggests that cannot be correct. 

Global environment, governance, and resources constitute a vast, complex system. A system is 
“any set of regularly ititeractin| factors and activities that has definable boundaries and that 
produces measurable outputs."^ The complexity of a system is determined by the number and 
diver.sity of interacting components. When .systems become overly complex, their behavior 
cannot be easily predicted by traditional methods of analysis (breaking a system into its 
component parts and analyzing elements in detail).'* These systems are described as complex 
“non-linear.” Non-linear environments make it extremely difficult to map the cause and effect 
between variables. Indeed, in such environments isolating independent variables (a single factor 
that can be manipulated that will drive the behavior of the whole system) may be impossible. In a 
complex system, elements are so interconnected and their relationship so multifaceted that their 
properties cannot be properly understood without assessing their interrelationship with each 
other as well as their relationship with the wider system and its environment.*’ Offering simple 
answers to complex problems will not work.* This is certainly the case in attempting to 
understand the relationship between global warming and national security. 

While it might feel intuitively appropriate to directly connect the dots between the changing 
global environment and the human response to global warming, an appropriate complex system 
analysis would warn against such an approach. The issue of Just predicting long-term global 
climate trends is fraught with controversy and uncertainty. Layering social science models upon 
our current state-of-the-art climate models to predict complex human responses (including how 
markets, governments, and communities will respond to anything) is little more than an act of 
making highly .subjective as.ses,sments. 

Fighting Air — Climate Change and Choice 


’ Richard L. Kugler, Policy Analysis in National Securily Affairs; New Methods for a New Era (Washington, D.C.: 
National Defense University Press, 2006), p. 218. 

* Amaral and .I.M. Oltino, “Complex Networks: Augmenting the Framework for the Study of Complex 

Systems,’' The European Physical Journal, May 1 4. 2004, at hllp://amaral.northwestern.edu/P 
uhlications/Papers/Amaral-2004-Em;PhysJ.B-33-IJ7.pdf(Apnt 13, 2009). 

Yaneer Bar-Yam, “Multiscale Representation Phase I,” New England Complex Systems institute. .August 1, 2001. 
Id hltp://www.necsi.edti/projecls/yamer/SSG_NECS! JjOROP.pdf {April 13,2009). 

’’ James Jay Carafano and Richard Weitz, “Complex Systems Analysis: A Necessary Tool for Homeland Security," 
Heritage Foundation Backgrounder No. 2261, April 16, 2009,, at 
hltp://w\m\ he ritage.org/Research/HoinelandSectmly/bg2261.cfm. 
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Attempting to address national security in the context of climate challenge is probiematic. The 
folly of simplicity is perhaps best illustrated in Jared Diamond’s highly regarded study Collapse: 
How Societies Choose to Fail or Succeed (2005). Diamond lists a daunting 1 2 factors that 
historically contributed to the collapse of a society — and these are only the factors directly 
controlled by humans.’ It is worth noting that Diamond is able to detail how this myriad of forces 
and choices interacted with one another only through the hindsight gained through hundreds of 
years of historical and archeological research. Collapse illustrates the immense difficulty of 
mapping cause and effect in complex human-environment systems. Additionally, the ability to 
apply any lessons to the future is complicated by the fact that both human institutions and the 
natural environment are continually changing and changing each other. His work should, in fact, 
be seen as a cautionary tale against relying on predictive social science models to interpret 
complex systems behavior.’’ 

History is in fact littered with case studies that suggest straight-line mapping of human- 
environment interaction is problematic. Since the 1 950s. tor example, historians have been 
debating the “seventeenth century crisis" in history as a particularly difficult age.’ A drop of 
global temperature, known as the "little Ice-Age" was one of many factors that researchers have 
cited to account for the political, economic, and military upheaval oftlie period. Decades of 
debate, however, have achieved no consensus on eause-and-eflect relationships. For example, 
while the period did see more wars and an increase in human mortality, this age also accounts for 
the emergence ofpolitical stability, scientific discovery and innovation, and the rise of economic 
productivity in future great powers like Britain and France. 11 anything, the process of 
constructing a compelling paradigm has left scholars skeptical of "social-scientific" explanations 
of history, yet alone suggested any confidence in predicting the future.'” Anticipating with 
certainty how climate change wall affect human progress is a march of folly. 

Indeed, there are many variahle,s other than climate that affect how humans respond to climate 
change and, in turn, change their behaviors to try to impact climate change and its consequences. 
For example, while the emission of greenhouse gases has been skyrocketing across the globe in 
the la.st decade,s. political violence ba.s been in decline. This case has been made by at lea.st two 
independent academic assessments." In the short term, many fiictors impact on the capacity of 
humans to govern themselves. On the global scale, human responses rather than long-term 
environmental trends prove the mo.st dominant. 


’ Ralph Doty, “Collapse: How Societies Choose to Tail or Succeed,” Human Ecologv Review, Vol. 12, No, 1 (2005), 

p. 76-77. " .... 

* Scott E. Pace. “Arc We Collapsing? .A Review of .iared Diamond's Collapse: How Stxrieties Choose to Fail or 
Succeed.” Journal of Economic Literature. December 2005, p. 1050. 

" See Eric llobsbawm, "The General Crisis of the European Economy in the 17th Century: i,” ftet & Present: 5 
(May 1954), pp. 33-53: "The Crisis of the 17th Century: 11,” Past & Present. 6 (Novemter 1954), pp. 44-65, 
.I.B.Shank. “Crisis: A Useful Category of Post-Social Scientific Historical .Analysis?” The American Historical 
Review. Vol. I l.U No, 4 (Octolrer 2008). pp. 1090-1099. 

' ■ }. Joseph, et ah. Peace and Conflict 201(3 (Boulder, CO: Paradigm Publishers and the Center for international 

Development and Conflict Management, 2009), p. 1, at _ , , , 

htlp:/oeww: cidem. umd. edu''pc/esccutivejilimmaiy/e,xecjium_20I O.pdf (Ociobev 25. 20 1 0); Human Security Projecl 
Research Group, “Human Security Brief 2007,” 2008, at 

ht!p:i'www.cidcm.umJ.edti'pc/'executiYejummaiy./esecjtumJ20U).p4f (October 25. 2009), 
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In short, viewing climate change and national security together as a single complex model makes 
little sense. The global climate has always been changing. Adapting to these changes and human 
efforts to manage their surrounding environment is a permanent feature of human competition. 
The environment does not cause wars — it is how humans respond to their environment that 
causes conflicts. 

Climate change does not necessarily ensure that there will be more or less conflict. For example, 
as the Arctic ice melts and the environment becomes more benign, Arctic waters w ill become 
more available for fishing, mineral and energy exploitation, and maritime transport. Nations will 
compete over these resources, but it is how they choose to compete — not the change in the 
weather — that will determine whether war breaks out. 

Furthermore, any changes in the climate, for better or for worse, will occur gradually over 
decades. Thus, there will be ample time to adjust national security and humanitarian assistance 
instruments to accommodate future demands. Those adjustments can and should be made with 
the most appropriate instruments, which might comprise any or all of the elements of national 
power including diplomatic, economic, political, and informational tools as well as the armed 
forces. 

Supplanting Marketing — Energy Security’s Trojan Horse 

The Clean Energy .lobs and America Power Act also purports to address U.S. national security 
by addressing concerns over energy security. Proponents claim that government manipulation of 
energy markets will reduce U.S, dependence on foreign energy sources and correspondingly 
increase American security. This logic is also flaw'ed from the start. Global energy markets are 
complex systems as well. It would therefore be equally prudent to be skeptical of simple cause- 
and-effect plans. 

History is again instructive. In response to the “energy crisis” during the 1 970s, the U.S. 
government took a plethora of actions, implementing a proactive policy to address energy 
.supplies, particularly oil. There were numerous pieces of new legislation, implemented by an 
alphabet soup of overlapping federal agencies, as well as a ho.st of actions undertaken directly by 
a succession of presidents. The level of government interference with the nation’s energy 
markets was unprecedented, and these efforts had impacts that usually ranged from ineffective to 
downright counterproductive. 

At almo.st every turn. Washington took an already challenging energy situation and made it 
worse through its own policy blunders. The federal government’s newly created maze of 
economic and environmental regulations and the agencies implementing them greatly hampered 
dome.stic energy supplies and limited the ability to respond to events. In retrospect, government 
policies contributed to the harm at least as much as any foreign entity. The errors of the 1970s 
should serve as a cautionary tale as America again faces similar challenges.'^ 


'* See Ben Lieberman. •‘Cri.sis! What Crisis?; .America's Response to the Rnergj Crisis,” in Jame.s Jay Caraftnoand 
Richard Weitz. eds. Mismanaging May^hem: How Waskinglon Responds to Crisis (We.stport, Conn.,: Praeger 
Security International, 2008), pp. 1 13-129. 
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Likewise, today legislators should be wary of the desire to impose simple solutions on complex 
systems and expect the results to be both readily anticipated and inevitably constructive. Even if 
U.S. energy policies could drive global energy markets in any direction Americans chose (a big 
"if), that impact would likely have both positive and negative affects on U.S. Security. For 
example, although the U.S. is heavily dependant on foreign energy, much of it comes from 
Mexico and Canada, nations friendly to .America and among our largest trading partners. In the 
short term, one of the most significant impacts of the long-term declining reliance on carbon 
fuels would be a significant loss to their economies — perhaps a destabilizing one. On the other 
hand, policies that in the short term might drive up the price of oil would put more money in the 
hands of countries like Venezuela and Russia, whose foreign policies often clash with the United 
States, Likewise, adding new transaction costs on energy supplies that increase costs may also 
unduly weaken the U.S, economy. Simply supplanting market forces is unlikely to prove a 
panacea for improving U.S. security. The U.S. cannot be confident that by imposing new 
controls on U.S. energy production and consumption America will become axiomatically less 
dependent on foreign energy sources. 

Simple .Answers — Danger Zone for Complex Problems 

indeed, whether the case is trying to link global energy supplies or global temperature to 
American security, using analysis that suggests employing a single process to guide clianges to 
complex systems might not only be wrong, but could be detrimental — the equivalent of the cure 
being w'orse than the disease. 

The deleterious effect of using simple mandates to manage complex systems is best illustrated 
through an examination of the adoption of the Program-Planning Budget System (PPBS) by the 
Pentagon in 1 960s. The premise of PPBS was that linking analysis, planning, strategic decision- 
making. and the day-to-day management of defense activities into a unified process would make 
the allocation of resources more rational, relevant, and effective. It failed to achieve that goal. 
Simply controlling the "machinery” ol Pentagon decision-making did not actually allow the 
Secretary of Defense to produce optimum results, particularly in regard.s to fighting the Vietnam 
War. While it empowered Defense Secretary Robert McNamara to impose his “will” upon the 
decision-making process inside the Pentagon, "planning proved to be an impediment to effective 
strategic thinking and action, whether one favored hawkish military strategies or dovish political 
ones. ..the problem was not that PPBS tried to dictate these choices directly so much as that, by 
virtue of how it necessarily worked — what planning excluded as well as included — it influenced 
strongly hovt' others made those choices.”*^ In tiie end, prescriptive policies ju.st implemented 
bad decisions faster. 

The challenge of dealing with global warming through legislative flat risks a similar fate. By 
overly structuring the response to complex system problems, the Congress will have an uncertain 
impact on the system — there is little question, however, that Congress will have a dramatic 
impact on those elements of the system to which cause and effect can be readily linked. I hus, 
Congress would be wise to limit analysis and debate over the costs and benefits of the Clean 
Energy Jobs and America Power Act to factors where cause and effect can be more clearly 
mapped. 

' ' Henry Miiiteberg, The Rise and Fall of Strategic Planning (New York: Prentice Hall. 1 994), pp. 120-121. 
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The Real Issues for the Energy Act 

While the long-term impacts of climate change on national security can be debated, the short- 
term impact of legislation to curb emissions is more readily apparent. A study by The Heritage 
Foundation’s Center for Data Analysis on a similar companion bill proposed in the House finds 
that the law would make the United Slates about $9.4 trillion poorer by 2035. Much of this 
decline would be from reduced economic productivity and job loss. In particular, under the 
House legislation there would be 1.15 million fewer jobs on average than without a cap-and- 
trade bill.''' Other economic concerns include rising deficits and continued devaluing of the 
dollar. 

A sharp decline in economic productivity would like have a deleterious impact on U.S. security. 
For example, a collapse in U.S. economic growth would result in even more draconian cuts to 
the defense budget, leaving America with a military much less prepared to deal with future 
threats. Indeed, if America's military power declines, there would probably be more wars, not 
fewer. Likewise, a steep drop in American economic growth would lengthen and deepen the 
global recession. That in turn will make other states poorer, undermining their ability to protect 
themselves and recover from natural disasters. 

A consequence of passage of this legislation is that it may well create the world we want to 
avoid. The law would ensure a steep deeline in U.S. economic competitiveness and military 
preparedness. The consequences of a weak America would inevitably lead to a string of national 
security crises and an undermining of the nation's capacity to deal with natural disasters here and 
abroad. It would seem in examining the national security implications of climate change, 
scrutinizing the short-term impact of the legislation would be much more important to address. 

Likewise, proponents of the bill must also speak to concerns that any law will not impact global 
warming in any significant manner. According to climatologist Chip Knappenberger, similar 
legislation proposed in the House would moderate temperatures by only hundredths of a degree 
after being in effect for the next 40 years and no more than two-tenths of a degree at the end of 
the century.'”’ EPA Administrator Lisa Jackson concurred, recently saying, "‘US action alone will 
not impact world C02 levels."'* Additionally, the impact of "rnanaging” greenhouse gases on 
the environment also remains a subject of great controversy. For example, as Senator Inhofe 
noted in a floor speech, S. Fred Singer, an atmospheric scientist at the University of Virginia, 
who served as the first director of the U.S. Weather Satellite Service and more recently as a 
member and vice chairman of the National .Advi.sory Committee on Oceans and Atmosphere, 

.said that "no one knows what constitutes a ‘dangerous’ concentration. There exists, as yet, no 
scientific basis for defining such a concentration, or even of knowing whether it is more or less 


William W. Beach, David Kreutzer, Karen Campbell, and Ben Lieberman, "Son of Waxman-Markey: More 
Politics Makes for a More Costly Bill, "Heritage Foundation WebMemo No. 2450, May 1 8, 2009, at 
heritage. or^^Resean'h/Emrgya}idEnvironrmnV'wm2450xfm. 

Chip Knappenberger, “Climate Impacts of Waxman-Markey (the IPCC-Based Arithmetic ofNo 
Gain),’’MasterResource, May 6, 2009, at hllp://masterresomve.org/?p^2355 (August 3, 2009). 

Press Release, “Jackson Confirms EP.A Chart Showing No Effect on Climate Without China, India,” U.S. Senate 
Committee on Environment and Public Works, July 7, 2009, til htlp://ep\i\senate.gov/piihUc.Hti(iex.cfm? Fuse 
Action=Mmority.Pres.tRelemes&CcmtenlRecordJd=564ed42f-802a-2'3ad-4570-3399-l77hl393 (.Augu.st 3, 2009). 
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than current levels of carbon dioxide.”'' In short, if these concerns are valid, the legislation 
argues for taking on significant short-term risks to the U.S, economy and our security for 
uncertain gains in environmental quality. 

Other Options 

I am not suggesting that the United States “do nothing” to protect its national security, ensure 
abundant supplies of energy, and contribute in a meaningful manner to the stewardship of the 
global environment. What I am saying is that if we must act with deliberation and speed, we 
should act where we can act with greater confidence in our outcomes. In this respect, there are 
options for enhancing national security, improving our ability to adapt to global climate change, 
and enhancing the dependability and availability of clean energy that the Congress should 
consider. These would include; 

® Fund defense adcqaequately. Regardless of how the climate changes or the status of 
energy supplies, the U.S. will need a military that has sufficient resources to conduct 
current operations, maintain a trained and ready force, and prepare for the challenges of 
the future. Spending significantly less than 4 percent of GDP on defense for the next 
five to 10 years would shortchange the military. Such under funding would ultimately 
produce a hollovv force that is either too small, unable to sustain current operational 
demands, not ready, or at a technological di.sadvantage on the battlefield. Congress can 
provide adequately for national security by making a firm commitment to fund the 
national defense at no less than 4 percent of GDP for the next 10 years. This 
commitment would require Congress to add roughly $400 billion to the defense budget 
for from FY 2009 to FY 2012. A portion of this money would be allocated to ongoing 
operations, while the remainder should go to the core defense program, with a special 
emphasis on developing and deploying the next generation of weapons and equipment,'® 

• Restrain non-defense discretionary spending. The best tool the U.S. can have to face 
the future is a .strong economy. Imbalances in the level of federal spending and the 
allocation of federal dollars threaten both the competitiveness and the security of the 
U.S. Spending not related to defense and post-9/l 1 operations has increased by 49 
percent .since 2001, or 5.9 percent annually, compared to 4,2 percent growth under 
President Bill Clinton. Since 2001. spending on education has grown by 7.5 percent per 
year, health research by 7.3 percent, and international affairs by 8.0 percent. At a time 
when defense and homeland security priorities require especially tight non-security 
budgets, Members of Congress have not made necessary trade-offs. Instead, they have 
accelerated the growth of non-security spending.'** 

• Use the military appropriately. Remaining an integral part of the global economy is 
vital to long-term U.S. national security and the country's continuing economic 
competitiveness. Rather than attempting to defend, protect, control, or secure any means 


' ' Senator Janies M. Inhofe (R-OK), "The Science of Climate Change, "Senate floor statement, July 28. 2003, at 
hitpy'/inhqfe-remne.gov/pressrekases/climate.htm (.4,ugust 3, 2009). 

James Jay Carafiino, Baker Spring, and Mackenzie Eaglen, “Providing for the Common Defen.se: What iO Years 
of Progress Would Ltrek tike," Heritage Foundation BackgroimderNo. 2J08. February 19, 2008, at 

hltp:/Av\nrJKrilage.org/Reseorch'NalionalSecuriti'/bg2!0S.cfm. 

Ibid. 
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of domestic or global production, the greatest degree of security conies from having 
access to the global marketplace and obtaining goods, resources, and services based on 
market decisions from friendly suppliers. It is in the vital interest of the United States to 
uphold the principle of freedom of the seas and to promote and protect the ways and 
means office trade among nations acting in accordance with the rule of law. To 
accomplish this, the United States should retain the capability to use all ofthe 
instruments of national power — including military, diplomatic, law enforcement, 
intelligence, economic, and informational power — in any theater where U.S. interests 
could be at risk.‘° 

• Reorganize key non-military instruments so that they are more effective. Again, 
regardless of how climate and energy supplies evolve, U.S. power must be used 
effectively to advance U.S. interests. In particular, key non-military instruments such as 
foreign assistance and public diplomacy are in need of serious reform. Traditional 
foreign assi.stance programs have a very poor track record for improving governance, 
economic growth, or civil society. Of equal concern, U.S. instruments for public 
diplomacy have atrophied since the end of the Cold War and are in serious need of 
reform. Neither challenge is being adequately addressed by the current administration.^' 

• En.sure that any effort to reduce reliance on foreign oil is grounded in policies that 
are best for the economy. Reducing oil imports from unstable or unfiiendiy regimes 
should be done in a way that minimizes the economic cost to American,s. Policies such 
as raising taxes on gasoline while mandating or subsidizing expensive or unproven 
alternative fuels and vehicles lead to large costs w'ith marginal — or even negative — 
results. The first steps in reducing reliance on foreign oil are to make full use of domestic 
petroleum reserves and to remove disincentives to investment in oil production from 
friendly nations. These .should be coupled with efforts to encourage diversification away 
from petroleum, which will be be.st achieved not by government fiat, but by the private 
sector-led development of alternatives that can compete in their own right. 

Domestically, the federal role should be limited to conducting basic research and 
removing regulatory and tax barriers that impede private-sector innovation. In addition, 
restrictions on international growth in alternatives, such as the tariffs that limit ethanol 
imports into the United States, should be eliminated.^" 

• Use free markets to advance a green energy and environment agenda. Trade 
measures in carbon-control legislation may appear neces.sary for protecting U.S. 
competitiveness and promoting broader international participation in .such schemes. 
However, in reality, such measures will likely create a more hostile trade environment 
that costs U.S. firms access to global markets,*^ Rather than using trade policy as a 
weapon, America should keep markets open. Policymaker.s — regardless of the shape of 
any final climate hill — should maintain the integrity and freedom of global markets as a 


“ Stuart M, Butler and Kim R. Holmes, “Twelve Principles to Guide U.S. Energy Policy,” Heritage Foundation 
Backgrounder No. 2046, June 26, 2007. at hnp://\i’Hnv.heritage.org^Recearck^Em‘-rg\widEnv!ronmeri//hg2046,cfm 
(October 25, 2009), 

Helle C. Dale and Janies M. Robert,s, “State Department Strategy Review Flawed from Start," Heritage 
Foundation WehMemo No. 2659, Octdier 20, 2009. htlp://\mw.herUage.orgmesemTh'T(>reignAid/'wm2659.cfm 
(October 25, 2009). 

"" Ibid. 

• ’ Ray Walser, “Meeting Energy Challenges in the Western Hemisphere,” Heritage Foundation Heritage Lecture 
No, 1079, Delivered March 1 i, 2008, at http:.'7www,lieritage.org/Researdi/LatinAnierica/'hli079.ctiil. 
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means to transfer clean technologies, keep international investment flowing, and 
promote economic growth and prosperity in the U.S. and around the world.*'' 

A Better World 

Both the advocates and critics of the Clean Energy Jobs and America Power Act share common 
goals. They want a world where the U.S. remains safe, free, and prosperous. 'I’hey w ant a future 
where the U.S. is a worlclvvide leader in the stewardship of the global environment, the 
advancement of freedom and justice, and sustainable growth. My testimony today is intended to 
help bridge the gap between them — not by rejecting the notion that the U.S. should deal 
responsibly w'ith the challenges of global climate change, but by suggesting there are real limits 
to knowing how we can shape the Future — and we should focus our initiatives on what we can 
know. 

Thank you for the opportunity to address these vital issues. I look forward to your questions. 


Daniella Markheim, -Climate Policy: Free Trade Promotes a Cleaner Environment.” Heritage Foundation 
tl'V/cC/emuNo. 2408, .ypril 24. 2009. at http:/.^invw.herim$e.org/Research/traiieamieco!}omicfreedoin/\mi2408xjm. 
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Questions for Carafano 
Questions from: 

Senator Amy Klobuchar 

1. The science points to an increase in sea level rise, floods, and changes in temperatures 
reflecting an overall warming. Can you choose a few specific examples and tell us how 
these environmental changes, many of which we are already seeing, are politically 
destabilizing regions? 

Making direct linkages between climate change and political instability is difficult. Indeed, as 1 stated 
in my testimony, even establishing these linkages with hindsight can be extremely problematic. 

The assertion that we are already seeing many of these problems is also unproven. As I stated in my 
testimony, levels of political violence across the globe are going down, not up. If climate change is 
impacting levels of violence and instability it is not reflective in major studies. The Failed State 
Index, for example, lists twelve important factors that impact on state stability. All of these factors 
are dependent on a number of variables including environmental change. There currently is no clear 
correlation between climate change and the states most at risk to becoming “failed states.” 

Likewise, as I staled in my testimony it is highly questionable whether making dependable 
projections about the relationship between climate change and political stability over the long-term is 
possible. Studies that I have reviewed, including the report conducted by the Center for Naval 
Analyses, are based on subjective judgments. 

2. In the Spring, I traveled through south Asia with Senators Graham and McCain. One 
of the top concerns I heard from the leaders of the nations we visited was about climate 
change. Climate change could increase instability and lead to conflict in already fragile 
regions of the world. In South Asia, India's rivers are vital to sustaining agriculture and 
Pakistan is heavily dependent on irrigated farming to avoid famine. The Himalayas 
provide water to both countries, but the water could disappear within a few decades. The 
United Slates is working to decrease tensions in this region while climate change is 
working in the opposite direction. How does this bill put us in a better strategic position 
to deal with or prevent this type of instability? 

I believe this bill eould well do substantial damage to the ability of the United States to deal with 
humanitarian issues, environmental degradation, and security issues worldwide. First, the loss of jobs 
and decline in economic productivity resulting from implementation of the bill will hamstring the 
nation’s ability to act. Second, the negative economic consequences of the legislation could extend 
and deepen the global recession. A continued severe global economic decline could well lessen the 
capacity of others states to deal with environmental, humanitarian, and security challenges. 
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Senator Lamar Alexander 

1. Which is more of a threat to the national security of the United Stales: 
a. American reliance on Chinese, Indian, and Russian technology for nuclear 
power, scientific innovation and manufacturing capabilities as we would 

surely sec under Waxman-Markey - orb. 0.2 degree increase in the average temperature of the globe? 
(0.2 degrees Celsius is the climate benefit we'll see if the U.S. institutes cap and trade, but 
other countries do not) 

The greatest threat to US security is any legislation which undermines US competitiveness. 1 believe 
this bill could well do substantial damage to the ability of the United States to deal security issues 
worldwide. The loss of jobs and decline in economic productivity will hamstring the nation’s ability 
to act. Second, the legislation restricts rather than expands America’s energy choices. Real energy 
security comes from open markets that allow the US to develop sources of energy at home and 
abroad. This bill takes options away... it does not add them. In addition, barriers to innovation such as 
new taxes and oppressive restrictions to the development of the nuclear power industry and domestic 
sources of energy are a significant impediment to America’s ability to compete in the global market 
place. 

The US can best be prepared to face the future if it maintains a strong and vibrant economy. A strong 
America will best be prepared to defend its interest and act as a good steward of the environment. 
This legislation will make the US less well prepared to either deal with global change or compete 
effectively in global energy markets. 
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Senator Boxer. Thank you. 

I think I will pick up on that point. The message is you cannot 
predict the future so do not pass complex legislation. I mean, that 
is kind of what you are saying. And I just want to say, if we had 
that attitude, we would not have passed the Clean Air Act, the 
Safe Drinking Water Act, the Endangered Species Act. We would 
not have passed a lot of things, even the National Highway Sys- 
tem. I mean, that was shocking when Ike proposed it. 

So, I just do not think that is quite the way I would approach 
legislation. I think the important point you are making is, of 
course, we cannot predict exactly what will happen. But we should 
he conservative here. We should look at what the experts are tell- 
ing us, which is going to mean I am going to turn to Vice Admiral 
McGinn. 

The Major General and Vice Admiral were just completely on op- 
posite sides, and both of you are very, very clear. So I want to say, 
from my point of view, obviously, I think I know Vice Admiral 
McGinn’s work on this. The point that Major General was making 
is that, and I wrote down the notes here, is that there is literally 
little chance that any of the impacts of climate change would in- 
volve a big war between the great powers. I mean, that is what he 
said. He is shaking his head, so I did get that right. 

But is it not true. Vice Admiral, that right now what we seem 
to be facing more than that fear is instability, terrorism, the kinds 
of things that Mr. Sloan talked about? The dangers that we are fac- 
ing right now in two wars where our young people like Mr. Sloan, 
you know, are giving so much and gave so much, did not have to 
do with two great powers, they had to do with terrorism and insta- 
bility. 

And is it not true that that threat is exactly what we are worried 
about here, not the clash between two nations who need oil? You 
know, I just hope you would expand on that. 

Mr. McGinn. When I was in the Pentagon 50 yards from the 
American Airlines flight that hit on September 11th, I was not con- 
cerned about it being a great power war. There was no mistake in 
my mind we were at war. We had come to that conclusion, and I 
had convened my inner circle as the Deputy Chief of Naval Oper- 
ations for Warfare requirements after the first airplane on a clear 
September day hit the first tower in New York. 

It is about instability. It is about threats to America’s well-being, 
not just measured by the things that happen inside our borders, 
but how the things that happen inside our border can be influenced 
by places far away that have an increased level of instability. 

I would also point out that while I think the adage is those who 
ignore the lessons of history are doomed to repeat them, that is an 
argument that can cut both ways in this debate. And if General 
Scales and I were sitting here 100 years ago as uniformed members 
of our respective services, he would be arguing against this damned 
infernal combustion engine taking out the cavalry and the horses 
have been really agile and they are good. I would be arguing 
against putting those damn boilers on perfectly good sailing ships. 
So this idea of change and predictability goes back in our history. 

The thing that is different today is that we have never before on 
this planet had close to 7 billion people, which we will have in 
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2011. We have never had the unprecedented level of per capita use 
multiplied by that 7 billion people. We have never had information 
technology that gives us an ability to understand what is going on 
to a much greater level, not with certainty, but to a much greater 
level that we ever have in the past. 

And we have a whole host of indicators, warnings and trends 
that tell us climate change is bad for national security. 

Senator Boxer. I want to ask Kathleen Hicks this question. 
Again, when Major General Scales was talking about the fear that 
he had that we would not have enough oil and all the rest, is it 
not true that our greatest vulnerability in the energy sphere, and 
I would again quote Vice Admiral McGinn, and I wrote it down, he 
said our current energy posture is a national security threat if all 
those, our current energy posture is a national security threat. 

Are we not stronger when, for example, America steps out and 
takes the lead in making jet fuel out of algae, and we do not have 
to go the sheiks and we do not have to spend $1 billion a day? I 
mean, is that not what you are looking at, the ability to not be de- 
pendent on folks who do not like us? 

Ms. Hicks. Senator, I think that really is the crux of the debate 
here. I think, as Jim Carafano pointed out, everyone is beginning 
from the same premise of wanting to secure the Nation. What I 
hear as the fundamental divide is whether or not to embrace 
change, whether or not lead and adapt, or have that fear of not 
being able to succeed in doing so. 

So, what we are not talking about, really, is the opportunity cost 
of doing nothing and that opportunity cost is, as you suggest. Sen- 
ator, that we are tied down by fuel, that fuel is a real day-to-day 
today, not a future concern only, a today concern for our forces in 
the field who are tethered to that fossil fuel tail. 

Can we change that overnight? No. But if we do not stop working 
on solutions, we will never get to a different future. We will never 
shape that future for ourselves. 

Senator Boxer. Thank you very much. 

Senator Inhofe. 

Senator Inhofe. Well, Ms. Hicks, I just really appreciate that 
last statement that you made, that this is something that is not 
here now, it is not available at this time, and can we look into the 
future and say yes, this would be nice when we get to the point 
that we have all of these things. 

To me, I agree with the Chairman, that is the crux of the prob- 
lem, when we have just this week, well, first of all, let me just stip- 
ulate to what the EPA Director said when I asked the question, in 
the event we pass legislation like this for the United States, is this 
going to have a reduction in overall emissions? And the answer is 
no. I think logically we all know that so let us keep that in mind. 

But when we have a report that just came out by CRS that says 
America’s combined recoverable natural gas, oil and coal reserves 
is the largest on earth, but the problem is that 83 percent of it we 
cannot get to. So let me just ask you a question. Admiral McGinn. 
Would you not agree that, do not look way down in the future, let 
us look at tomorrow, let us look at today, we need to have the 
availability of fossil fuels. Now, is that not true, do you not agree 
to stipulate to that? 
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Mr. McGinn. Senator, I agree, and I would say that the age of 
fossil fuel has been very, very good to the United States of America 
starting back with Colonel Drake in 1854 in Pennsylvania discov- 
ering this oil. It has been very good. And we are not going to tran- 
sition off it overnight. 

Senator Inhofe. OK, then 

Mr. McGinn. But it is just that we need to start, and we need 
to start in significant ways, not small incremental steps. 

Senator Inhofe. Well, let me ask you real quick. These have to 
be short answers because I am operating under this short time- 
frame. When the statement that you made. General Scales, that 
there is no scientific evidence to suggest that wars would be pro- 
pelled and sustained by any power other than fossil fuels, I know 
you are talking about now and in the near future. Colonel 
Carafano, do you agree with that statement? 

Mr. Carafano. You know, I went to Bob, because he is a histo- 
rian. But my point would be that, in the short term, is that you 
have to look at what is the competitiveness structure of the United 
States. And so, my concern is that when you start take away jobs 
and economic growth, this is the single most important fuel to the 
defense industrial base. 

And that limits your ability, more than anything else, to respond, 
and that stair steps down. As the United States is a lesser and less 
capable power, that increases instability. So, it is overall the cli- 
mate and the economy in the short term which I think creates the 
kind of world that we are trying to avoid here. 

Senator Inhofe. Yes, I understand that. You wanted to say 
something. General Scales? 

Mr. Scales. Yes, sir. Two quick points. If Dennis and I were to 
have a conversation 100 years ago over cavalry versus coal powered 
ships, we would at least have been able to discuss the looming 
probability that oil-fired burners were just around the corner, that 
by 1918 or 1919, the great navies of the world had already started 
to convert from coal. 

Senator Inhofe. OK 

Mr. Scales. My point is this. Senator. I do not see any evidence 
right now, within the next 20 of 30 years, that some other form of 
fuel will propel our war making machinery. And my concern is that 
if we reduce our availability of refined petroleum products over the 
next 20 or 30 years, that might reduce our ability to go to war. It 
is just that simple. 

Senator Inhofe. Yes, and I agree with that. And I will not ask 
for a response. Admiral McGinn, because my time is expiring pret- 
ty fast here. 

The only thing I want to get to here, and I think it is very impor- 
tant for every member of the panel to recognize, at least publicly 
recognize the fact that we have to have fossil fuels today to fight 
wars. This is a national security issue. And when we have, we have 
the largest reserves in the world. And yet, politically, we cannot de- 
velop 83 percent of it. 

Would you not agree that we need to, if you really feel sincere 
about not depending upon foreign countries, our enemies, perhaps 
depending on them for our ability to fight a war, should we not de- 
velop our own resources? What do you think. Colonel? 
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Mr. Carafano. Yes, sir. 

Senator Inhofe. Is there anyone who would disagree that we 
need to develop our own resources? 

Mr. McGinn. We do need to develop our own resources. But we 
need to recognize that there is an opportunity cost. If we place too 
much of our time and effort and resources into the continuation of 
our track record of fossil fuel, there is a tremendous opportunity 
cost for not doing other things that are going to have much, much 
better returns in jobs in the near term and in national security and 
prosperity in the long term. 

Senator Inhofe. We are talking about fighting a war today. Gen- 
eral Scales. You have got to have fossil fuels to do it. Right now, 
we have fossil fuels, but we are importing fossil fuels from coun- 
tries that could cut us off. There is a risk there. And when are 
looking at our opportunity to develop fossil fuels without, not at the 
expense of anything else, wind or anything else, but to develop 
them because we have these reserves, can you think of any reason 
not to do it? 

Mr. Scales. I cannot. Senator. But I would also agree with Den- 
nis, that we need to push the limits of science, we need to find dif- 
ferent fuels, we need to find alternative sources, we need to con- 
serve. All of that is absolutely essential for national security. I am 
worried about the next 20 years when, whether we are fighting a 
war against a major power or a failed state is attempting to attack 
us, at the end of the day, we still have to fuel the machines and 
right now, the only alternative is fossil fuels. 

Senator Inhofe. And Senator Warner, do you not think we 
should develop our own resources? 

Senator Warner. Absolutely. And if I might interject, there has 
been a lot of discussion here this morning about nuclear power. I 
was privileged to be a party of a navy where we had over 100 plat- 
forms operating safely as they have been throughout almost the en- 
tire history of the Naval Reactor Program. We ought to draw on 
that technology, as the Senator from Tennessee said and put to- 
gether a strong package as a part of any legislation to help the nu- 
clear industry come back again to the strength it once was in this 
country. 

And it seems to me you have to package that, also, with greater 
access to this 80 percent. And when you get down to legislating, 
colleagues, you know it is those types of packages that will balance 
off the cap and trade which is so intensely felt on part of this hear- 
ing room as well as the energy sources of nuclear and drilling on 
the other side. And it is that type of package you have got to put 
together. Madam Chairman, to get this bill through. 

You are at a fork in the road right now as to whether or not Con- 
gress is going to lay down the road map for this country, or we are 
going to just rely on the executive branch and the inherent power 
of the agencies and the departments. 

Senator Boxer. Exactly. I am going to put into the record, with- 
out objection, the study that was just done by U.C. Berkeley, Uni- 
versity of Illinois and Yale University about job growth, because 
the Lieutenant Colonel talks about the instability of losing, but 
there is job growth associated with this. Some studies say 2 million 
jobs, some say more, some say 1 million jobs. I think it is very key. 
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And I just have to again say our reliance on foreign oil is what 
Vice Admiral McGinn, Senator John Warner and others are con- 
cerned about. The current energy posture of America is a national 
security threat now. Not even 20 years later. Now. And I think we 
have a young man who had his boots on the ground, and I think 
he has very strong views about that. 

Senator Cardin. 

[The referenced study follows:] 
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Climate change is the greatest challenge 
facing humanity in the 21st century. Without 
determined global action to reduce 
atmospheric concentrations of greenhouse gas 
emissions over the next four decades, scientific 
evidence suggests that carbon-intensive 
patterns of economic growth run a high risk of 
dangerously altering the earth’s climate 
system. 

As a leader in energy technology development 
and history’s largest contributor of greenhouse 
gases, the United States has an essential 
leadership role to play in international efforts to 
mitigate climate change. Exemplifying this 
leadership, a detailed federal plan to reduce 
greenhouse gas emissions, the American 
Clean Energy Security Act (ACES), was 
introduced into the U.S. House of 
Representatives in March and passed in June 
2009. This analysis provides the most up-to- 
date state-by-state examination of the 
economic implications of this kind of 
comprehensive federal climate policy. 

Federal climate policy will have different 
implications for different states, and should 
ultimately be designed to account for and 
address these differences. The U.S. is a 
complex patchwork of diverse state and local 
economies that reflect differences in 
geography, climate, population, resources, and 
historical development paths, These physical 
and historical differences contribute to broad 
spectrum of energy and carbon intensities 
among states, and these are important factors 
in determining the economic impacts of a 
federal climate policy on states. 

This executive summary provides general 
insights from an in-depth analysis of the 
economic implications of US national climate 
policy, as these would arise from clean energy 
and efficiency measures like those in the 
American Clean Energy and Security Act and 
the Clean Energy Jobs and American Power 
Act. This comprehensive economic 
assessment was conducted using EAGLE, a 


new state-of-the-art forecasting model that 
projects the long term economic impacts of 
climate legislation on the U.S. economy. The 
mode! details economic interactions within and 
between each of the 50 states and compares 
the impacts of combining a limit on carbon 
pollution with complementary efficiency and 
renewable energy policies, in addition to many 
detailed findings for individual states, three 
overarching conclusions follow from the 
EAGLE analysis; 

Table 1; Main Findings 


1. All 50 states can gain economically from 
strong federal energy and climate policy, 
despite the diversity of their economies and 
energy mixes. The states may differ on the 
supply side, but on the demand side they ail 
have substantial opportunities to grow their 
economies by promoting energy saving and 
domestic renewable energy alternatives. 

2. Contrary to what is commonly assumed, 
comprehensive national climate policy does 
not benefit the coasts at the expense of the 
heartland states. In fact, heartland states 
will gain more by reducing imported fossil 
fuel dependence because they are 
generally spending a higher proportion of 
their income on this low employment, high 
price risk supply chain. Demand side 
policies make a bigger difference for more 
carbon-dependent states, and carbon 
reduction opportunities represent riper and 
lower hanging fruit, 

3. The country as a whole can gain 91 8,000 to 
1,9 million jobs, and household income can 
grow by $488 to $1,176, by 2020 under 
comprehensive energy and climate policy. 
By aggressively promoting efficiency on the 
demand side of energy markets, alternative 
fuel and renewable technology development 
on the supply side can be combined with 
carbon pollution reduction to yield economic 
growth and net job creation. Indeed, a 
centra! finding of this research is that the 
stronger the federal climate policy, the 
greater the economic reward. 
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Every state can accelerate growth by adopting 
a complete national policy package that 
promotes three climate strategies in unison: 
Greenhouse Gas (GHG) mitigation via market 
oriented restrictions on total carbon pollution, 
energy efficiency, and renewable energy 
development. An important finding of this 
research is that more carbon dependent 
economies have more to gain from climate 
action, assuming they adopt balanced policies 
that combine ail three approaches to energy 
efficiency and clean technology. Given the 
diversity of initial conditions in this regard 
(Figure 1), individual states need to recognize 
the potential of this constellation of policies to 
promote their growth prospects. 

Aggregate Results 

Policies as important as the new national 
climate agenda will have far reaching effects 
on the state and national economies. Table 2 
summarizes aggregate growth effects by state, 
of adopting a national policy packages like 
ACES. Measured as percentage variations in 
real Gross State Product (GSP), these results 
show changes in aggregate real value added 
(wages, salaries, and profits) in 2020, 
compared to the Baseline baseline. The results 
are variegated, but a few salient findings 
deserve emphasis. Firstly, implementing the 
right combination of a Cap and Trade system 
and complementary measures to promote 
lower carbon technologies can result in net 
economic stimulus, for every single state. We 
see in many states that when market-oriented 
GHG mitigation Is combined with efficient 
demand and supply side energy policies, the 
result can be a potent catalyst for economic 
growth. Even in cases where growth is less 
than robust, we see nothing like the adverse 
impacts predicted by industry-commissioned 
estimates. This is because complementary 
policies like energy efficiency save enterprises 
and households money, and this money is 
spent on domestic and in-state goods and 
services with higher employment intensity than 


the Import dependent carbon fuel supply chain. 
Two energy efficiency trends are considered, 
one conforming exactly to ACES standards, 
and the other more aggressive. The result is 
higher employment and income for every state 
that makes significant progress in reducing its 
energy dependence. 

To fully appreciate the economic effects of 
climate policy, we must recognize the 
importance of complementary policies that add 
efficiency and yield a low carbon, higher 
growth economic future. Markets alone may 
not identify the climate change externality and 
markets for carbon may not provide adequate 
incentives for innovation and efficiency. To 
overcome hurdles that limit technology 
development, diffusion, and adoption, national 
climate policies include efficiency standards 
that will provide growth dividends for every 
state economy. 

For most states, growth rates increase with 
adoption of renewable energy sources. This 
results from two factors, reduction in long term 
fossil fuel dependence and exploitation of more 
efficient alternative energy sources. Fossil 
fuels are currently depressed by demand side 
failure in global energy markets, but this 
situation is temporary and recent lEA and DOE 
projections foresee a strong and sustained 
resurgence of fuel prices. By shifting to 
domestic renewable substitutes, the Western 
states can reduce their long term external 
energy dependence and capture more in-state 
expenditure multiplier effects. In terms of 
relative efficiency, recent research on new 
renewable supplies suggests that a 30% RPS 
can be met from sources with marginal cost 
below projected fossil fuel alternatives. These 
savings from "low hanging” fruit in solar, wind, 
and geothermal sources will also contribute to 
higher long term regional growth. 
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Federal Climate Policy: An Overview 

U.S. federal climate policy has converged 
around the creation of a national cap and trade 
(C&T) system, with a substantial program of 
research, development and demonstration 
(RD&D) and a number of mandatory alternative 
energy, energy efficiency, and other measures 
to complement the GHG emission reductions 
achieved through the C&T system. A detailed 
plan to implement this system was introduced 
in March of 2009 by Representatives Henry 
Waxman and Ed Markey through the American 
Clean Energy and Security Act (ACES), and 
passed in June 2009. 

In September 2009, Senators John Kerry and 
Barbara Boxer introduced a Senate version of 
climate legislation, the Clean Energy Jobs and 
American Power Act (CEJAPA). This analysis 
takes ACES provisions as its starting point, but 
its conclusions will be broadly relevant for any 
similar comprehensive national policy that 
includes both carbon and energy policies. 


emissions by 2016. Regulated entities must 
hold one allowance to emit one metric C02e 
ton of any GHG included under the cap. 
Allowance obligations can be met by reducing 
emissions, through allowances saved 
(“banked”) from a previous period, by 
purchasing allowances, by purchasing 
international offsets, or by using allowances 
from countries that have comparable systems. 
ACES places a ceiling on international offsets, 
but grants the EPA administrator the flexibility 
to adjust that ceiling. 

The ACES cap has two primary targets (Figure 
1): economy-wide GHG emissions must be 
reduced by 17% from 2005 levels by 2020 and 
by 83% from 2050 levels by 2050. Two 
intermediary targets require a 3% reduction In 
2005 GHG emissions levels by 2012 and a 
42% reduction from 2005 levels by 2030. The 
CEJAPA has proposed a more aggressive 
2020 target of 20%, but has adopted the same 
2050 target. 


ACES includes the following four major 

provisions: 

1 . A cap and trade system (Title III) with a cap 
that steadily declines over time and a 
system to allocate allowances. 

2. A requirement that electric utilities meet 
20% of their sales through renewable 
energy by 2020, with utilities able to meet a 
certain portion of this obligation (25%) with 
efficiency (Title I). 

3. Aggressive energy efficiency standards for 
new buildings, appliances, and vehicles 
(Title II), 

4. A substantial program (in the hundreds of 
billions of dollars) to support RD&D in clean 
energy and energy efficient technologies, 
funded in part through C02e allowances 
(Title IV). 

The ACES cap is designed to be 

comprehensive, covering 84% of U.S. GHG 


Figure 1. GHG Emission Reduction Targets 
under ACES 
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Source: GHG emissions data are from EPA, "inventory 
of U.S. Greenhouse Gas Emissions and Sinks, 1980- 
2007.” April 2009. 

U.S. GHG emissions are and have historically 
been dominated by fossil fuel combustion 
(Figure 2), accounting for 80% of total GHG 
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emissions in 2005. Reducing GHG emissions 
by 17% by 2020 will require significant 
changes in the way that the U.S. produces and 
consumes energy: reducing emissions by 83% 
by 2050 wiii require a fundamental 
transformation of the U.S. energy system. 


Figure 2. U.S. Greenhouse Gas Emissions, 
1990-2005 (FFC = Fossil Fuel Combustion) 
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Source: EPA, Inventory of U.S. Greenhouse Gas 
Emissions and Sinks, 1980-2007." April 2009. 

Within fossil fuel combustion, GHG emission 
sources are more diffuse. The two largest 
emission sources — coai-fired electricity 
generation (33%) and motor gasoiine (20%) — 
accounted for roughly 53% of energy-related 
GHG emissions in 2005. The next largest 
sources of energy-related GHG emissions 
each account for less than 10% of total energy- 
related GHG emissions. !n recognition of this 
distribution, ACES includes both a 
comprehensive cap and specific measures that 
target both the electricity and transportation 
sectors. 


Policies Assessed 

A comprehensive dimate policy package can 
be complex, it is also generally the product of 
detailed negotiations that take account of very 
heterogeneous economic interests. For this 
reason, the current analysis aims to provide 
overall guidance by considering only the most 
salient components of a national climate 
Initiative. To improve visibility for public and 
private stakeholders regarding economic 
impacts of a comprehensive national dimate 
policy like that currently being discussed, the 
EAGLE model assesses a package consisting 
of five generic policy types; 

Carbon Emission Reductions that reflect 
market based measures to restrict total 
atmospheric emissions of C02. In this 
analysis, we do not consider detailed design 
characteristics for such a mechanism, but only 
impose a national limit on total emissions and 
assume that a mechanism of trading pollution 
rights leads to a market premium that provides 
incentives for energy consen/ation and 
investments in more efficient technology. 

EAGLE is an economic forecasting model. To 
estimate patterns of technology adjustment in 
the underlying energy economy, we draw upon 
results from the MARKAL national energy 
simulation model. These provide inputs to 
EAGLE in the next four policy categories, each 
dealing with a different dimension of energy 
use. 

Transportation includes changes in the 
energy requirements and fuel mix of the light 
duty vehicle (LDV) and heavy duty vehicle 
(HDV) fleets. Transportation adjustments 
include shifts in the fuel and fuel economy 
composition of the LDV and HDV fleets. For 
the LDV fleet, the primary shift captured in 
MARKAL is toward greater adoption and use of 
hybrid electric vehicles (HEVs) and ultimately 
plug-in hybrid electric vehicles (PHEVs). Figure 
3 shows the changing composition of LDV 
vehicle miles traveled (VMT) over time in the 
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MARKAL results. For HDVs, we consider only 
heavy truck results as there are no major 
changes in the fuel economy or per vehicle 
emissions of other HDVs in the MARKAL 
results. The primary shift in heavy trucks is 
toward more efficient vehicles, with a small 
shift toward biodiesel. In the Policy case, by 
2030 roughly one-third of all heavy truck VMT 
is accounted for by post-2020, high efficiency 
vehicles, whereas in the Baseline case none of 
these vehicles are adopted. 

Figure 3. Composition of LDV VMT, 2010-2030, 
Baseline and Policy Cases 
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Electricity Generation under a carbon cap will 
experience changes in the composition of the 
mix of electricity generation resources, 
including shifts toward low or zero carbon 
energy sources, including coal-fired generation 
with offsetting CCS. Two main resource shifts 
are notable in the MARKAL results {Figure 4). 


First, with a significant ramp up in generating 
capacity over the 2010-2030 period biomass, 
solar, and wind power account for roughly one 
quarter of total national generation by 2030. 
Second, in the Policy case a small but 
significant amount of coal with CCS begins to 
come online. These two shifts displace coal 
and natural gas generation, with the majority of 
CO 2 emission reductions coming from 
reductions in coal-fired generation. 


Figure 4. Changes tn the National Generation 
Mix, 2010-2030 Baseline and Policy Cases 



Residential and Commercial Energy 
Efficiency includes changes in the energy 
requirements of residential and commercial 
buildings, appliances, and electronics, 
Residential and commercial energy efficiency 
includes Improvements in the efficiency of 
buildings, appliances, and electronics that use 
electricity, natural gas, and petroleum 
products. The MARKAL results also include the 
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introduction of solar water heaters on a larger 
scale. 


Fjgure 5. Changes in the Total, Aggregated 
Residential and Commercial Energy Use, 2010- 
2030 Baseline and Policy Cases 



W.W 


As shown in Figure 5 (residential and 
commercial aggregated), residential and 
commercial energy efficiency gains in 
MARKAL result in the flattening out of 
electricity demand and absolute reductions in 
natural gas and oil use relative to Baseline. As 
a result, total residential and commercial 
energy use declines in absolute terms (by 
about 15%) from 2010 to 2030 in the Policy 
case, and total residential and commercial 
energy use in the Policy case is about 30% 
lower than in the Baseline case. 

Sequestration and Offsets include terrestrial 
carbon sequestration and iandfill gas projects. 
Sequestration and offsets include four major 
categories: agricultural (mostly soil carbon 
sequestration), livestock (mostly manure 
management), forestry (mostly changes in 


forest management), and landfills (landfill gas 
capture and generation). Table 4 shows 
estimated abatement potential for domestic 
sequestration and offsets, aggregated by 

region.’ 


Table 4. Annual Abatement Potential for 
Sequestration and Offsets by Region, Year 2030 



Economic Diversity 

The U,S. is a patchwork of diverse state 
economies that reflect different geography, 
climate, resource endowments, and historical 
development paths. Differences in economic 
structure contribute to differences in energy 
and carbon intensity among states. 

At an aggregate level, the most significant 
differences among state economies are in the 
shares of extractive industries, manufacturing, 
and services as a share of gross state product 
(GSP). More than 30% of Wyoming’s GSP in 
2007, for instance, was generated by coal, 
natural gas, and oil extraction, whereas 
manufacturing (3%) and services (26%) played 
much smaller roles. Indiana had the highest 
GSP share of manufacturing (26%) in the U,S, 
in 2007 and a moderately large services 
industry (40%), but negligible resource 
extraction (0%). At the other end of the 
spectrum, services dominated the Florida 


’ Note that these estimates show significantly less offset 
abatement potential than the bill allows. Also, this 
analysis assumes no international offsets are used. Thus 
this could be considered a low-offset scenario. We 
conclude that high levels of offsets are not economically 
necessary, but if more low-cost offsets are indeed 
available, the C02 cap could be met with higher net 
benefits. 
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economy (57%) in 2007, whereas 
manufacturing (5%) and extractive industries 
(0%) were not major activities. Figure 6 shows 
aggregate sectoral GSP shares for seven 
states that illustrates the spectrum of economic 
activity among states. 

Figure 6, Differences in Economic Structure among 
Seven Representative States, 2007 
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These differences in economic structure will 
play an important role in how states adjust to 
the requirements of a federal climate policy. 
For instance, the economic impact on states 
that are more dependent on fossil fuel 
extraction will depend on the feasibility and 
cost-effectiveness of carbon capture and 
storage (CCS), the timing of shifts to 
alternative energy sources, and the effects of a 
range of energy and climate policies on fossil 
fuel prices. Manufacturing is typically more 
energy intensive than services, and states 
where manufacturing is a larger share of GSP 
will have to give greater consideration to 
managing the impacts of a federal climate 
policy on retail energy prices. 


However, focusing on industry and commercial 
energy use overstates both the diversity of 
states and the costs of reducing carbon 
intensity, in most states, consumer demand is 
over half of GSP and in many states much 
more so. In terms of household spending 
patterns, state-by-state differences are much 
smaller, and the scope of energy efficiency 
improvements much more comparable. State’s 
may have different initial levels of C02 
intensity in demand, but the tools of demand 
side management are the same. Moreover, 
historical record of leading state clearly shows 
that efficiency improvements are not merely 
feasible, but represent a potent source 
economic growth. Over three decades (1972- 
2006), California’s energy efficiency measures 
saved households $56 billion and created 1.5 
million additional jobs with $45 billion in 
additional payrolls. More than anything else, it 
is these savings opportunities from energy 
efficiency that drive the positive economic 
results across the board. 

The results of our EAGLE assessment send an 
even stronger message about demand side 
opportunities. As Figure 7 indicates, the 
greater the initial level of C02 intensity in 
overall state demand, the larger will be the 
employment dividend to that state from 
adopting a comprehensive package of 
national climate policies . This is true 
because demand side policies make a bigger 
difference for them, and carbon reduction 
opportunities represent riper and lower hanging 
fruit tor investments in efficiency and 
renewable energy. 
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Figure 7; State Initial (2006) C02 Intensity and 
Employment Effect (2020) of Climate 
Policy 
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Percent Employment Growth 
(above 2020 Baseline) 

Sources: Energy data are from the EIA website. 
Economic data are from BEA website, 
http://bea.ciov/recj iona l/index. hlmitasD. 


S/lethodology 

The primary tool for this economic assessment 
was the Environmental Assessment in 
General Equilibrium (EAGLE) model, a state- 
of-the-art forecasting tool that details patters of 
demand, supply, energy/resource use, 
employment, income, and emissions across 
each of the 50 United States. Full technical 
documentation of the model is available from 
the authors. 


Data Sources 
Economic Data 

The primary economic data resource used to 
calibrate the EAGLE mode! is iMPLAN, a 
nationally consistent collection of economic 
data that detail patterns of supply, demand. 


and resource use for over 500 sectors of the 
economy in each of the 50 states. Based on a 
twenty-year data management initiative begun 
by the US Forest Service, IMPLAN offers the 
most up-to-date detailed data on economic 
structure of the US economy. 

Emissions Data 

A large collection of the latest official statistics 
were used to calculate a state-by-state, 
sectoral greenhouse gas (GHG) emissions 
inventory for the EAGLE model. Basic GHG 
emissions inventories are not yet available at a 
state level, ^ much less at a sectoral level, in the 
U.S. In constructing an emissions inventory for 
the model we use a number of data sources 
and assumptions, documented more fully in the 
overall project documentation. To our 
knowledge, these estimates represent the first 
state-by-state, detailed sectoral emissions 
inventory for the U.S. Here we summarize the 
constituent data sources. 

The U.S. Energy Information Administration 
(EIA) maintains detailed data on fossil fuel CO 2 
emissions, with CO 2 emissions estimated from 
both national and state-level fossil fuel use 
data. The U.S. Environmental Protection 
Agency (EPA) maintains a more 
comprehensive national inventory that covers 
all GHG emissions, but lacks detail at a state 
and sectoral level. In building the CO 2 portion 
of the EAGLE GHG inventory we make use of 
both EIA and EPA data. The non-COa portion 
relies exclusively on EPA estimates. 

EIA and EPA both use five major sectors to 
categorize CO 2 emissions from fossil fuel use: 
Transportation, commercial, electric power, 
industrial, and residential. 

ElA’s state-level estimates of CO 2 emissions 
by sector are based on detailed assessments 
of coal, natural gas, and petroleum product use 


“ See the EPA's State Greenhouse Gas Inventories, 
http.//www.eoa .ao v.^niimatechanae.remis 5ions/'State ghgi 
nventohes.htmi . _ 
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by state, in order to maintain consistency 
between the ElA’s national and state-level CO 2 
emissions estimates, we adjust state-level CO 2 
emissions by fuel to match estimates of 
national CO 2 emissions by fuel. The data that 
we ultimately use as inputs are the ElA's state- 
level CO 2 emissions estimates by major sector, 
adjusted to match the EiA’s national estimates 
of CO 2 emissions by fuel. 

Our economic data is from 2006, and we 
update ElA’s 2005 CO 2 emissions data using 
EIA national CO 2 emissions estimates for 
2006. This approach assumes that the sectoral 
structure of CO 2 emissions remains unchanged 
from 2005 to 2006. Final fossil fuel CO 2 
emissions inputs are listed in Table 4. 


Table 4. Final Fossil Fuel CO 2 Emissions Inputs 
Used in the EAGLE GHG Emissions Inventory 



Note: Totals do not necessarily add due to independent 
rounding. 
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Senator Cardin. Thank you, Madam Chair. And let me really 
thank this entire panel not only for your testimony today but for 
your service to our country. We very much appreciate everything 
that you have done. I think this panel has been extremely helpful 
to us in dealing with this subject. 

And it is always an honor to have Senator Warner with us. 
There was no greater champion of national security here in the 
U.S. Senate, and I consider myself fortunate to have served with 
Senator Warner in the U.S. Senate. So, it is a pleasure to have you 
back before our committee. 

I think the point that Senator Warner raised, the point that our 
Chairperson raised, about national security on our energy sources 
here, we can do everything that we can to deal with oil, we just 
do not have enough of it. I have joined with Senator Alexander in 
saying that we have to do a better job with nuclear. We need the 
whole package for the sake of our national security, including the 
much stronger emphasis on alternative and renewable energy 
sources and better conservation. 

So, Senator Warner has brought to our attention many times the 
direct threat that our energy policies pose to our national security, 
including climate change and sea level increases and the effect that 
it will have on our military facilities. 

One thing to me is somewhat shocking is the significant increase 
in expenditures by our military on energy. It has gone up 500 per- 
cent over the last 9 years. And that is just funding countries that 
are our most challenging are far as our military is concerned. So, 
it is counterproductive to our own national security, and we have 
to do a much better job with the energy policy. 

I want to take advantage of this panel, if I might, on an area 
that has not gotten as much attention, and that deals with the fact 
that we do allocate in this bill for preventing international defor- 
estation and allowances for international adaptation, which some 
say, well, gee, is that not just humanitarian aid by America? I see 
that as part of our energy strategies and our international strate- 
gies, and it very much has a national security focus. 

I want give it first to Admiral McGinn, if you would. How impor- 
tant is it for the United States to speak about the financing of glob- 
al climate change issues and adaptation and deforestation funds as 
we go toward an international agreement, we hope, in Copenhagen, 
but as we work with other countries? How important is it for the 
United States to show leadership on the financing of these issues? 

Mr. McGinn. I think it is very important. Senator. I mean, there 
are some that over 50 years ago would have said that the Marshall 
Plan was primarily a humanitarian relief program. But in fact, it 
was at the core of creating a new world order and creating a much 
more secure place for the United States and for Europe. 

In terms of this new challenge, there are so many good things 
that come from investment of time and effort by the military, by 
the whole intergovernmental process, in resources, in technical as- 
sistance, that can create relationships with nations and with the 
militaries that can really help to make a difference to mitigate and 
to adapt to the potential effects of climate change. So, I think it is 
a very, very important part of our strategy going forward for our 
defense and national security strategy. 
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Senator Cardin. Thank you. Senator Warner, you have nego- 
tiated with a lot of our friends around the world, and you know 
how much they look to the United States as far as leadership on 
issues. As far as helping to finance the consequences of global cli- 
mate change internationally, how do you see the United States as 
far as leadership is concerned? 

Senator Warner. Well, I think the United States should be a 
leader. But we have got to be mindful that we are in very competi- 
tive world, and so many of our principal competitors, as was clearly 
brought out in this excellent dialogue today, do not follow the 
framework of laws and human consideration in this country. 

So, we have got to strike a balance. We would not want to put 
forward legislation that is going to put us at a disadvantage in this 
competitive world. So, you were right when you raised the point 
Copenhagen is the forum. Maybe not this sessions coming up in 
December, but there will be a subsequent, and a subsequent, and 
that issue has got to be agreed upon by all nations for a fair play- 
ing field. 

Senator Cardin. You know, that is an extremely important point. 
Even if we have the most successful outcome from Copenhagen 
that many of us hope for, that we establish targets and a mecha- 
nism to achieve those targets, and we have the financing and en- 
forcement, it is the beginning. It is not the end of this process. 
There is a lot more work that is going to have to be done in all 
of our countries, including, after we pass this bill, we still have a 
lot more work to be done. 

Thank you, Mr. Chairman. 

Senator Lautenberg [presiding]. As acting chairman, I know 
that Senator Alexander is next. 

Senator Alexander. Thanks. Thanks, Senator Lautenberg, 
thanks very much. 

I want to thank the witnesses for being here, and I want to take 
particular advantage of Senator Warner being here and try to rely 
on his experience, both as a legislator and his military experience. 
And Admiral, you may have something to add here, too. 

I would like to look at the next 20 years. As I think Senator War- 
ner knows, I agree with him that climate change is real, that hu- 
mans are causing it. My problem is with the solution. I think the 
economy-wide cap and trade has some real disadvantages. 

One, it does not work with fuel. It raises the price of fuel, but 
it does not reduce much carbon. We have had plenty of testimony 
on that, and that is 30 percent of carbon. Something else has to 
deal with fuel. 

Second, it is a problem with manufacturing, which is under 
stress anyway, because it is going to raise the costs in manufac- 
turing, and manufacturing may, probably will, go overseas looking 
for cheap energy. And that is a problem for us. 

And three, it deliberately raises the price of energy when our 
goal for ourselves and for the world, in my view, ought to be cheap 
energy so we can have a prosperous economy and so we can relieve 
hardship for poor people. 

So, I have suggested a different way for the next 20 years, which 
I believe is simpler and will work, which does not include a na- 
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tional energy tax, and I believe there is broad bipartisan agreement 
for it. 

No. 1, build 100 nuclear plants in 20 years. No. 2 , electrify half 
the cars and trucks in 20 years. And No. 3, four mini-Manhattan 
Projects of the kind the six would talk about to make solar costs 
competitive, to find ways to recapture for coal plants, to make elec- 
tric batteries that will take our cars 400 miles instead of 100 miles, 
and to find ways to recycle used nuclear waste in a way that does 
not isolate plutonium. 

By my computations, if we did that, at the end of 20 years we 
would be producing about 40 percent of our electricity from carbon- 
free nuclear, we would be producing maybe 5 or 10 percent from 
solar and wind and other forms like that, about 10 percent from 
hydroelectric, about 25 percent from natural gas, and we would ac- 
tually reach the Kyoto goals for 2030 without a national energy 
tax. 

But my problem is, and this is my question for you, every time 
we have a panel here, we talk about wind, which is 1 and 1.5 per- 
cent of our electricity, we talk about solar, which is promising but 
negligible. Even in Germany, where they are head over heels for 
solar, it is 1 percent of their electricity. We talk about biomass, 
which scientists are reminding us, if you haul hundreds of trucks, 
I mean, just to create the equal of one nuclear plant in electricity, 
you would have to continuously forest an area 1.5 times the size 
of the Great Smoky Mountain National Park with hundreds of 
trucks today. So, all of those things are a long way away. 

Yet we have China with 132 nuclear reactors. We have Japan, 
two a year, Russia, two a year, other countries moving ahead of us. 
And we have not built one in 30 years. 

So, if you were again the Secretary of the Navy, and we were 
going to war, and we had created a nuclear navy 60 years ago, and 
it was doing exactly what we wanted, and we had had thousands 
of sailors living on top of reactors safely for 60 years, would we 
stop building nuclear ships and start subsidizing sailboats? 

I mean, why is that panel after panel never mentions nuclear 
power except reluctantly when we invented it, it is available, and 
we know we can build 100 plants in 20 years with Presidential 
leadership? 

Senator Warner. Well, Senator, you have no stronger proponent 
of urging the Congress and the country to accept the reality that 
we have to move to a vastly expanded base of our energy from nu- 
clear power. It is the zero emitter of greenhouse gases, as you well 
know. 

But let us come back to it. I think we agree on that. But you 
raise a larger question. How much can we do in terms of legislation 
now, and how much must we do in subsequent years? 

I think this very complicated subject is not unlike building a 
great cathedral. You are going to lay a foundation, hopefully in this 
session of Congress, and in the next maybe begin to build on it 
slowly. Because it is an enormous educational process that has to 
be undertaken with the Nation’s public, which inherently believe 
they want cleaner air and cleaner fuel and this and this and this, 
all of which is part of this evolution of energy and climate change. 
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But let us look at the means by which we can find, in this ses- 
sion of Congress, a package of steps, good, forward looking steps, 
one being nuclear on which we can agree, and put them together, 
and then recognize what we have to do in the ensuing years. 

It is going to be like building that cathedral, and frankly, I will 
not be around when the final capstone is put on that cathedral. But 
that is the way great edifices and great things are achieved. I know 
the Chairman feels very strongly about trying to put forward some 
legislation. I just hope that you can package together that which 
you can agree on. 

But let me make one thing clear. It has to be bipartisan. It really 
does. It has to be a concurrence of all of us reflecting the views of 
our diverse citizenships, the needs, and in this complex world of 
competition, we have got to remain strong. 

It is easy for me to sit here and not having to vote as do you, 
but I am most respectful for what you are trying to do in this com- 
mittee and in other committees, and I think you can achieve some 
milestone in this Congress. I hope you succeed. 

Senator Boxer [presiding]. Well, the plan is that we get our bill 
out, and it gets married up with other bills. And Senator Kerry is 
working with Senator Lindsey Graham now, which is really very 
encouraging, to try and get to that sweet spot that you described. 
That is what we are trying to do. 

Now, next on my list, I will go through. Specter is not here, 
Klobuchar, so it would go to Senator Whitehouse next. 

Senator Whitehouse. Thank you. Chairman. 

First, let me extend a particular welcome to Senator Warner. I 
could not be happier that he is back. It was a pleasure working 
with him during the time that we overlapped, and he represents, 
represented, both represents and represented, I think, our institu- 
tion at its very, very best. So it gives us honor that you are back 
here, and it gives me great personal pleasure that you are here. 
Thank you for the many kindnesses that you showed me as a new 
Senator finding my way around this place. You reached across the 
aisle and were extraordinarily generous and I appreciate that. 

Senator Warner. Well, I thank you Senator. And do not forget 
what I told you one day in private. Look at your future. 

Senator Whitehouse. Why do we not leave it private? That 
would be embarrassing. 

[Laughter.] 

Senator Whitehouse. Admiral McGinn, I want to clarify a point 
because some of the comments, I think, might leave the suggestion 
that it is our intention that we turn our naval forces, for instance, 
to sail power or to turn away from fueling battleships with what- 
ever the best fuel is for their tactical purposes. 

As I understand it, this bill does nothing to interfere with the 
military’s selection of the appropriate — the most appropriate fuel, 
to carry out its mission. The focus of this particular panel, as I un- 
derstand it, is that the missions that our military will have to ad- 
dress will be more dangerous, more frequent, more widespread, if 
we cannot control our climate and if we cannot control our role in 
intoxicating our atmosphere with carbon pollution. 

And the means that we go about doing that, as I understand it, 
is to put a price on the pollution that, and it is just major polluters. 



332 


that the major polluters have been getting away with for free for 
years. And by putting a price on it, you allow the market to adapt 
to the real cost of their product, as opposed to that implicit subsidy 
that they have been enjoying. 

But nothing about this says that an aircraft carrier has to put 
up sails and can only go in the wind. If it is running on a nuclear 
plant, if it is running on bunker fuel, whatever it is running on, 
as I understand it, is not affected by this legislation. Is that cor- 
rect? 

Mr. McGinn. As I understand it, it is not. You are right. Senator. 
I would commend to the committee’s study a speech that was given 
on the 14th of October this year by the present Secretary of the 
Navy, Secretary Mabus, in which he outlined some very bold and 
far reaching measures that the Department of the Navy, both the 
Navy and the Marine Corps, were undertaking to lower the carbon 
boot print, if you will, to increase the portfolio of energy choices 
and the energy efficiency with which we use those choices in a 
very, very great way. It is a terrific speech, very specific on the 
goals, and I did not see a sail on an aircraft carrier once in that 
speech. 

I will say that on the 13th of October, the Naval Air Test Center, 
Patuxent River, fired up an F-404 engine, the engine that powers 
the F-18 Super Hornet, powered by bio-based fuel. And they intend 
to fly a Super Hornet that has become affectionately known as the 
Green Hornet in April of this year, entirely fueled by bio-based 
fuel. 

Are we going to suddenly convert all of our military applications 
from petroleum to bio-based? No. But we are starting to take some 
measures. And every percent, every gallon, that we can get to 
break our — the stranglehold of petroleum on our Nation, is that 
much further down the road we are toward better security. 

Senator Whitehouse. And on that subject, could you just touch 
briefly on the national security consequences of our national de- 
pendence on a foreign oil supply? The military could move off it 
and decide that it is only going, you know, in a time of real emer- 
gency, that it would only use domestic fuel services. But the cost 
to the general economy, if we were interrupted in our foreign 
sources of fuel, I think would be fairly considerable. Would you, 
how do you evaluate that? 

Mr. McGinn. I do not think it would be, in the overall sense of 
national security, it would be a terrible situation to find ourselves 
in where we had to allocate increasing amounts of existing avail- 
able domestic fuel oil to military purposes, and as you say, it would 
devastate our economy and thereby have a terribly bad effect on 
the overall national security. 

Senator Whitehouse. So, our present reliance on foreign oil is 
a national security risk? 

Mr. McGinn. It is. 

Senator Whitehouse. Thank you. 

Senator Boxer. Thank you. Senator, very much. 

So, in the absence of a Republican, we will go to Senator Udall. 

Senator Udall. Thank you. Madam Chair. 

Senator Warner, it is great to have you back here with us again. 
A number of Republican Governors from California to Connecticut 



333 


are reducing greenhouse gas emissions in their States as part of 
binding programs. Other Republican Governors in States like Utah 
and Florida have also embraced action on climate change. As you 
well know, John McCain is one of the original fathers of climate 
change legislation in the Senate. And you played a key role when 
you were in the Senate and on this committee, and also what you 
are doing today. 

Do you believe there is bipartisan support? You mentioned the 
word bipartisan, and you really emphasize that. Do you believe 
there is bipartisan support in the country for legislation to set 
binding national targets to reduce greenhouse gas pollution and to 
move to a more secure energy future? 

Senator Warner. Senator, I very definitely believe that. As a 
consequence of having the privilege of conducting many, many 
town meetings, I suppose that is participating in many, many town 
meetings and talking to a number of universities, I visited Colorado 
recently and the Air Force Academy and the University of Colo- 
rado, politics really does not feed into these discussions. It is a 
thirst and a desire for a better understanding of what this all 
about. They feel the need. They want to participate. They just need 
an avenue and some leadership. 

And currently, the Governors of the several States are providing 
strong leadership, together with the legislatures. And particularly 
the university and college structure, the educational institutions. 
That is why I think it is so important for the Congress to join in 
providing some uniformity. 

Because you take the average power supplying mechanisms in 
our countiy, they do not serve just one State, they serve six or 
seven or eight States in a region. And the complexity of the envi- 
ronmental initiatives in the various States drive them to the, you 
know, common denominator somehow that they can figure it out. 

So, the need for this road map which is really the province and 
the province alone of the U.S. Congress is really needed as early 
as possible. And I agree with you 100 percent. I commend the Gov- 
ernors for their leadership, and there is a strong feeling of biparti- 
sanship as we traverse the land and listen to the people. 

And thank you for your courtesies. Under the Ethics Laws, I can- 
not communicate with any of you when I am in your States. But 
I try to get in and out without causing you any problems. 

[Laughter.] 

Senator Udall. I bet you are glad you are not doing town hall 
meetings in this climate we have right now. 

Senator Warner. Well, I am. But I must tell you, in sharp con- 
trast, they are very constructive. 

Senator Udall. Yes. Yes. Let me ask you about the situation, 
and I think you mentioned this in your testimony, that we are fac- 
ing right now. The Administration sees that climate change is a 
major issue, and we have heard from the Under Deputy Secretary 
here, and we have heard that in many ways from this panel. 

So, they are moving forward with an aggressive effort at the 
EPA, which is very limited under the Clean Air Act as to what they 
can do. But they can do a lot, and they are going to try to regulate 
7,500 of these business entities that eject more than 25,000 tons of 
carbon dioxide. 
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The other side of it, and that is what I would like you to talk 
to, is, you know, if we do nothing, then the Administration pro- 
ceeds down that path. If we move forward, there is so much we can 
do in the Congress to help the various sectors, to help people that 
are at the lower end of the scale, all of those kinds of things. 

Do you think the more prudent path is really the path of Con- 
gress acting rather than this more blunt approach that the Admin- 
istration is taking? 

Senator Warner. Very definitely. As I said, we are at a fork in 
the road, and right now we just cannot leave it to the executive 
branch. It seems to me that Congress has got to lay down a map. 

But it would seem to me, and I may be little presumptuous, the 
President has been a strong advocate of this whole concept. But at 
some juncture, and it is up to the leadership of the Congress, of 
course, but it would seem to me the President ought to join in as 
these several committees are beginning to try to strike a consensus 
among the bills, and say, look, I have left to you the initiative, but 
this is a framework of the essential points I deem necessary in 
such package of legislation as the Congress may tackle in this last 
remaining months of this session of Congress. 

I would hope that he would look upon that. I realize that the 
health bill is all consuming at the moment. But this is equally im- 
portant. You have Copenhagen when the eyes of the world are 
going to be examining on where is the United States at this ses- 
sion. 

Senator Udall. Thank you, that is very constructive. And thank 
you to all of the panel for your service. Thanks, Madam Chair. 

Senator Boxer. Yes. And Senator Warner, I think there will be 
some good news out of this committee next week. So, stay tuned. 

Senator Warner. I will be staying tuned. 

Senator Boxer. In terms of moving forward with this work that 
we have to do because the window of opportunity is closing. It real- 
ly is. And we have wasted some time. 

So, here is the situation. If nobody else shows up, the order is 
Merkley and Lautenberg. OK? 

Senator Merkley. 

Senator Merkley. Thank you very much. Madam Chair, and 
thank you to members of the panel. 

I would like if you all could comment on a different aspect of the 
national security energy puzzle, and that is the funds that flow 
overseas when we purchase energy, and those funds that go to 
Venezuela, that go to Saudi Arabia, and according to some reports, 
end up in the hands of folks who do not have particular sync, they 
are not in sync with the United States, with all of our values and 
objectives. 

So, maybe we could explore a little bit your thoughts on the na- 
tional security issues that are raised by the $1 billion we spend 
overseas on oil. 

Ms. Hicks. Senator, let me take the first stab at that. I think you 
have really hit the nail on the head with your question. When we 
cede control of our energy strategy to foreign actors, and in many 
cases it is quite small subset of foreign actors, we really put our 
own national security at great risk given our incredible reliance on 
it. So, again, I think you have got the problem quite right. It is not 
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just the states, it is what happens to the funds at the sub-state 
level. 

We have, or course, in the internal environment, A1 Qaeda and 
other transnational terrorist movements that prey upon various 
sources of funding, and the more that we can do to control that as- 
pect of the problem, the better off we are in terms of our security. 

So, a comprehensive energy strategy by the United States is in- 
credibly important to solving that problem. 

Mr. Carafano. Senator, I think the question you have to ask 
yourself is if the price of taking money out of the hands of bad ac- 
tors crippling your economy in the short term. And if the answer 
is yes, then you have to ask yourself is the cure worse than the dis- 
ease? And then you also have to ask yourself, what other alter- 
native mechanisms can we use to keep money from going into the 
hands of bad actors? And that has to be, I think, part of the discus- 
sion. 

Senator Merkley. Yes, Vice Admiral. 

Mr. McGinn. 2008, Senator, was, or should have been, a wake- 
up call for America and our dependence on foreign oil. We shipped 
$386 billion outside of our economy to pay for our oil bill, to pay 
for our, as President Bush said it in his State of the Union several 
years ago, to pay for our addiction to oil. 

And as you rightly point out, this goes to, in many cases, state- 
funded oil companies. That money finds itself to the Hugo Chavez 
Fund and other actors in the Middle East that are counter to our 
interests and to our beliefs, in many cases. 

So, what should we have learned? Oil was $140 a barrel. It is 
about half that, or maybe a little bit more, right now. It will go up. 
There is no doubt about it. No matter how much drilling we do in 
this country, no matter how much domestic we try to squeeze out, 
the price of oil will go up. And every $10 increase in a barrel of 
oil costs the Department of Defense nearly $2 billion that is taken 
out of our ability to pay for other things, war fighting capability. 

That should be the wake-up call. We cannot let it happen again. 
We have got to start moving in a different direction. 

Senator Merkley. One of the questions that I think it is worth 
wrestling with is whether we should have a coherent national 
strategy to reduce our importation of oil. We affect it indirectly 
through this bill in all kinds of ways, but not in terms of targeted 
milestones. 

But we had testimony earlier today that changing just our pas- 
senger transportation strategy could reduce the amount of oil we 
import by 44 percent. And I think about what we could do in air 
transportation, where biofuels can substitute, freight transpor- 
tation where there is a non-profit working in Oregon that reshapes 
all the air foils in trucks and puts automatic air pressure in the 
tires, which boosts mileage, home heating oil which can be con- 
verted to natural gas. 

So, I just want to pose the question, should we have a coherent 
national plan, if not to reduce our oil imports to net zero, maybe 
to reduce them by 80 percent to a level where no particular sup- 
plier could exert either a huge oil shock to our economy or a huge 
national security risk by constraining our access? 
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Mr. Sloan. Senator, I think the more important question is not 
reducing imports, per se, but is lessening our use of fossil fuels by 
making ourselves more efficient and kind of embracing clean en- 
ergy technologies that invigorate the economy as a whole. Restrict- 
ing fuel market access is not where we should be headed, I do not 
believe. I think really the focus is on kind of innovating within, 
using our resources more efficiently and progressing from there. 

Senator Merkley. Any other thoughts? 

Senator. 

Senator Warner. Well, let me give you an example. When I vis- 
ited the Air Force Academy, they put this booklet together for my 
visit and actually for other reasons, but it really sets forth how the 
Air Force Academy as an island, right there in Colorado, is going 
to making and conserving its own energy. It is going to run itself^ 
totally free of the domestic availability of energy around it. 

I find that all forms of initiatives are out there within the private 
sector and in the public sector, working. What they need is a 
framework plan. And you have got to devise a stream of funding. 
How many times in these town meetings have people said to me, 
if we could only get a small grant, we have got an idea which we 
can develop and contribute. Of course, the cap and trade system is 
to be that funding stream. 

But if you can just begin to at least find a funding stream to 
help, whether it is nuclear energy or others, get started and get off 
the ground now. 

Senator Merkley. Thank you so much. My time is up. I will just 
close by noting that I appreciate your comment, your testimony. 
Senator, that the young leaders at the Air Force Academy really 
get this issue. And that certainly corresponds with what I have 
seen on university campuses in the State of Oregon. 

Thank you. 

Senator Boxer. Thank you so much. 

Senator Lautenberg. 

Senator Lautenberg. Thanks, Madam Chairman. 

I do want to say publicly about how inspired we are by the lead- 
ership of Senator Boxer. She has decided that this cause of ours de- 
serves as much attention as it can get and persisted, and here we 
are, and thus a lot of time invested, but that is what we have to 
do. 

And I thank all of the witnesses for being here. I disagree with 
one or two, which we will try to get to. 

Senator, I was in the Army. So, we can smile at one another. 
John Warner and I shared something. Senator Whitehouse said 
you gave him information as a young man. You gave me informa- 
tion, leadership, as a mature man, a little more than a young man. 
We both wore the uniform of our country in World War II. I think 
you also spent some time in Korea or with the Korean War. So, our 
experiences may or may not be relevant. 

But when I see what is happening, and General Scales, I thank 
you for your service to country as well as Admiral McGinn and the 
other little, see what happens when you are so young? We do not 
get to quite acknowledge your service. But each of you is owed a 
debt of gratitude by our country. 
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General Scales, in your remarks, you talked about a climatic cri- 
sis precipitating human friction, mass migration, you outlined 
things that might happen. But you say the problem is that even 
if such disasters occur, they will not be a serious cause for war, 
particularly a war between a major competitor and the United 
States. 

And I look at what is happening now, as we all see, about what 
is happening in Afghanistan, and how madmen can bring us in 
time to our knees, even though we have the weapons, we have the 
troops, we have bravery, we have systems. But here they are. And 
there are more of them than there are of us in the final analysis. 
They are not afraid of our guns. They are not afraid of our might. 
And they do not give a damn about their lives. 

So, what kind of a war can be precipitated? I see a disaster. And 
Admiral McGinn, we have had a chance to meet and talk in the 
past. Is there going to be a restructuring of the Navy that is going 
to cost lots of money? Is it worth it if we have to do it? 

Senator Warner, do you see a major restructuring of equipment? 

Senator Warner. My good friend, I thank you for your comments 
on how both of us were privileged to wear the uniform in years 
past, and I certainly enjoyed the work that we did together. 

I would defer to this wonderful witnesses right here. I have ap- 
peared with her a number of times, and she works under the tute- 
lage of a wonderful professional. Secretary Flournoy, who I met re- 
cently, and they are looking forward 4 years into how are United 
States military and Quadrennial Defense Review are to be restruc- 
tured, the policies revised to confront the very thing that you men- 
tioned. 

Just a little historical footnote. In World War II, we did not expe- 
rience that type of suicidal attacks in any way near the percentage 
we see now, except for the last battle in Okinawa and subsequent 
conflicts. But this is something we have go to confront, this suicidal 
tendency 

Senator Lautenberg. Confront or even acknowledge. Because 
the price that these people are willing to pay is so enormous, as 
we see now in Afghanistan and have seen in Iraq. And when people 
are trying to say they do not care so much about their lives, but 
they all care about their families’ lives, and they will do anything 
to reach our shores if their countries are underwater. And I think 
that is what is going to precipitate 

Senator Warner. Ask Secretary Hicks. She is working on that 4- 
year progression, together with others in your department, on how 
we are going to change strategies to confront the very thing that 
the Senator raises. 

Ms. Hicks. Senator, we are about three-quarters of the way 
through our Quadrennial Defense Review which, as you know, is 
the congressionally mandated review we undertake at the begin- 
ning of every Administration. 

We look out actually about 20 years and we look, in particular, 
at sort of 5-year time lines, 5 years out, 5 years beyond that, et 
cetera. And the world you are depicting, we do see in the future. 

I do not want to say that to undermine the very important point 
Major General Scales made, which is that we do think state-on- 
state warfare is something to worry about in the future. We in no 
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way dismiss or diminish the importance of preparing the United 
States, and through the capabilities of the United States military, 
for handling that kind of challenge. 

But the fact of the matter is the world is simply more complex. 
And as the Secretary likes to say, our Secretary likes to say, this 
is not about fighting the wars we wish we were fighting. This is 
about fighting the wars we are in and the wars we will have to 
fight in the future. 

That will require quite a bit of rebalancing of our forces. That 
does not necessarily mean substantial shifts in funds, because some 
things cost more than other things. But it does require substantial 
shift in mind set and how we think about the types of challenges 
in the future. 

The fact of the matter is that there are lots of different trends 
out there that are worrisome. Climate change is really an 
accelerant to a lot of trends we already see that could — it threatens 
the most those states that are least able to cope with those sorts 
of challenges to population, to water resources, to migration, to dis- 
aster. And as such, it can create, as we have already seen in some 
states where there is a lack of governance, it creates these 
ungoverned spaces, these opportunities for actors that counter U.S. 
interests to really come in and start to take over a population. 

Senator Lautenberg. Thank you. Madam Chairman, General 
Scales wants to 

Senator Boxer. Yes. Yes. 

Mr. Scales. Could I just? A couple of quick points. 

Senator Lautenberg. Yes, please. 

Mr. Scales. First of all, I do not see the future as being a cata- 
clysmic state-on-state type of war either. What my point earlier 
was is that what motivates the Taliban is not being denied oil or 
the rising tide of rivers in Afghanistan. It is an ideological religious 
motivation, not the fact that they are economically deprived. 

And the other point, if I may, just add the point about fuel con- 
sumption. Yes, state-on-state warfare does demand large amounts 
of fuel. But I have been to Afghanistan. I was there last year. And 
if you look at the amount of fuel that is needed to fight a non-state 
enemy or an enemy like the Taliban, it is enormous. 

That tether that fuels helicopters, and MRAPs and Ml Abrams 
and all the rest of that is an enormous fuel drain. And it would 
be unfortunate that if we had our ability to produce, refine and 
transport that fuel to a theater of war. 

Senator Boxer. We are going to bring this to a close. I so appre- 
ciate, Senator Lautenberg, your questioning, because you have just 
made the case for our bill. We need homegrown fuels because it 
will always be important. And that is why in my State, where they 
are turning, you know, we are seeing jet fuel being produced from 
algae and I think. Vice Admiral, you discussed a bio-mass fuel that 
is being used. 

When it is homegrown, we do not have to worry about getting 
it from parts of the world that our friend Mr. Sloan had to go to, 
you know, and risk his life on a daily basis and win all those in- 
credible commendations. 



339 


I just want to say what an incredible panel this has been and 
how energized I am. Even those of you who did not agree with our 
approach. 

Lieutenant Colonel, I just have to say, I know that your testi- 
mony was written on Heritage Foundation stationery, and you said 
you were speaking for yourself. But I have to say you did them 
proud today with your, you know, the way you presented it. 

But there is a flaw in what you said. And I do this as a friend 
so that we can continue this conversation. To put out a scare testi- 
mony that there is going to be scarcity and shortages and lack of 
jobs, that is totally untrue. The opposite is true. 

We are going to have a different mix of energy. That is true. And 
we are going to see jobs moving into other sectors across the line. 
But there are going to be more jobs here, more businesses here, 
better jobs that you cannot export. 

And yes, it has a cost. There is no doubt. Thirty cents a day for 
the average family. And you know, that cost does not take into ac- 
count what we save when we avoid the ravages of global warming, 
one of which is what you are talking about, all of you today, most 
of you today, not all of you, which is the real possibility that we 
are going to have to go to war and send young people to war be- 
cause of the instability caused by the climate and the refugees and 
the water problems and all the famine and all the things, the 
droughts that go with it. 

So, yes, the studies show that there will be more jobs, that we 
will not have shortages, we will free ourselves from imported oil 
slowly over the time. But all of you have been so great. 

And I want to thank my staff. I was so taken with Vice Admiral 
McGinn’s comment that they already turned it into a chart. 

[Laughter.] 

Senator Boxer. They are remarkable using solar energy. No, I 
am only kidding. 

America’s current energy posture constitutes a serious and ur- 
gent threat to national security, militarily, diplomatically and eco- 
nomically. This is a quotable phrase. And it is what I believe, it 
is what a lot of members of the committee believe, it is certainly 
what Senator Kerry believes. It is why we place such stock in your 
testimony. And part of our wonderful coalition in support of our 
work is a huge number of young people and people all the way up 
the age stream who believe that we are doing the right thing for 
our national security. 

So, again, my deepest, deepest thanks. And I am also going to 
place in the record a press release and statement from the CIA 
that they are opening up a Center on Climate Change and National 
Security. They view this as a serious threat now, and they want 
to get ready for it as the years go on. 

So thank you very much. We stand adjourned. We are going to 
come back at 2:15 p.m. for our next panel. 

[Recess.] 

[The referenced press release and statement follows:] 
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Senator Boxer. I want to welcome all of you. You are panel three 
in our hearing marathon today. I am so very pleased. This record 
that you are going to make today is so very important. And today 
we are going to hear from utilities how you feel about what we are 
contemplating doing here in the Kerry-Boxer bill. 

So, we are going to go from this way to this way, and we will 
start with David Crane, President and Chief Executive Officer, 
NRG Energy. 

Welcome. 

STATEMENT OF DAVID CRANE, CHIEF EXECUTIVE OFFICER, 
NRG ENERGY, INC. 

Mr. Crane. Thank you. Madam Chairman, and thanks for this 
opportunity to discuss legislation on climate change which is an 
issue which we consider to be the transcendent challenge to our 
generation of American leadership. 

And I want to salute you and the member of your committee. 
Senator Kerry and your staffs for starting this important work in 
the Senate. 

As a major fossil fuel user, we have long recognized the challenge 
of climate change to our company. But rather than oppose it, years 
ago we chose to transform that challenge into an opportunity, and 
we are 3 years into our $15 billion RepoweringNRG Program, 
which involves advanced nuclear, wind, solar, biomass and post- 
combustion carbon capture projects in active development across 
the country. 

To date, we have spent hundreds of millions of dollars on this ef- 
fort. As a merchant power company, we have no rate paying public 
to pass that cost onto. Indeed, we can only recover that money if 
we control costs and risks and make these low carbon projects work 
in the marketplace. 

But today’s market does not put a price on carbon emissions. 
Right now, the easiest and cheapest thing for us to do to is to emit 
all the carbon produced as a byproduct to our generation process 
into the atmosphere, and we are allowed to do that for free. 

So, for our investments in these new low and no carbon tech- 
nologies to work, the Senate needs to act now to make carbon emis- 
sions part of the economic equation for NRG as well as for the rest 
of the economy. 

Your draft legislation, I believe, tacitly recognizes that effective 
Federal climate change legislation will, in fact, be our national en- 
ergy policy for the next two generations. In that regard, I want to 
compliment you and this Administration for your focus on encour- 
aging renewable generation, and I would note that NRG has a 
multi-billion dollar investment plan for renewables already well 
underway. 

But I would also caution, with respect to renewables, that there 
are inherent issues of intermittency, limited-scale expense and geo- 
graphic constraints. There are serious limitations. We need to build 
a zero carbon base load foundation under our wind farms and solar 
fields, and that foundation is new advanced nuclear power. 

And it is zero carbon nuclear that will provide the juice for our 
personal transportation system based on a nationwide fleet of elec- 
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trie cars, dramatically reducing both tailpipe emissions and the 
transfer of American wealth to the oil exporting nations. 

Right now, NRG’s $10 billion 2,700-megawatt South Texas 
Project is on the short list to receive DOE loan guarantees. We are 
confident that it will succeed, be built on budget and be on line in 
the later part of the next decade, along with at least two of the 
other projects presently under consideration by the DOE. 

But three new nuclear plants by 2020 does not a nuclear renais- 
sance make. We need 75 new nuclear units by 2050 simply to 
maintain nuclear power’s current share of electricity production. 
And to double it, we need to build at least 150 new units. 

The nuclear title in your bill is a good start. But in addition to 
support for worker training and R&D, it needs more support for do- 
mestic manufacturing capability, siting on suitable Federal land, 
additional but shorter lived loan guarantees, and efficient approval 
processes to safely handle a much larger volume of projects. 

The de-carbonization of the electricity sector is the single biggest 
step we can take to reduce greenhouse gas emissions. But simple 
math tells me that if the goal is 83 percent carbon reduction by 
2050, we need also to de-carbonize the private transportation sector 
as well. 

Your bill, again to its credit, recognizes the importance of the 
electrification of the transportation sector but is, I believe, too mod- 
est in its goals. We need legislation that will incent a commercial 
foothold strategy that will quickly capture a significant market 
share for electric vehicles among actual American consumers in key 
American cities that themselves have taken meaningful steps to de- 
ploy an electric car ecosystem right now. 

In addition to the huge benefits in tailpipe emission reductions, 
the electrification of our transportation sector will provide the cure 
to our national addiction to foreign oil and will substantially reduce 
the $400 billion of annual wealth transfer that currently takes 
place from the U.S. to the oil producing nations. Keeping that $400 
billion at home is important to me, not just as the CEO of NRG, 
but as an American. 

As to the general market-based format of your bill, we support 
all of its key structural elements. But we would respectfully sug- 
gest four areas for your potential consideration. 

First, avoid under allocating transitional allowances in the power 
sector in order to assure the ability of the power sector to deploy 
game changing clean technologies. Second, act affirmatively to limit 
the EPA’s ability to use existing Clean Air Act provisions to regu- 
late greenhouse gas. Third, increase the supply of offsets and act 
now to establish EPA criteria to ensure a supply of early offsets 
that will be valid for compliance. And fourth and finally, ensure the 
market stability reserve program is large enough to provide a suit- 
ably firm cap on allowance prices. 

Thank you. 

[The prepared statement of Mr. Crane follows:] 
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riiank you tor this opportunity to appear before you on the topic ot climate change. 
Because this is the critically urgent issue that informs everything we do from national 
energy policy to national security, I think of climate change as the transcendent challenge 
of our generation of American leadership. 

As a major power generation company with a large fleet of conventional fossil fuel plants 
across the country, NRG has long recognized the challenge that climate change 
legislation represents to our iiidustiy but rather than resist based on narrow and short- 
sighted self-interest, we chose four years ago to turn the challenge of climate change into 
opportunity. By embracing the emerging and, in the case of nuclear, the re-emerging low 
carbon technology innovations that have been developed by America’s entrepreneurs and 
inventors over the past several years, w'e set a course to achieve a first mover low carbon 
advantage in our industry. Accordingly, we are now three years into our 10 year $15 
billion iff^owcrmgNRG program, a program that will substantially reduce the carbon 
intensity of our fleet with advanced nuclear, wind, concentrated solar, solar PV, biomass 
and post-combustion carbon capture projects. 

To date, our company has spent hundreds of millions of our .shareholders’ money on this 
development effort. As a merchant power company without regulated customer rates, we 
can only recover that money if we control costs and risks, and make the technology work 
in the competitive market. But of course neither the competitive market nor the fully 
regulated electricity market puts a price on carbon emissions. We are allowed to emit all 
we choose to into the atmosphere for free. This is why the Senate needs to pass 
legislation in order to make carbon emissions part of the economic equation for NRG and 
the rest of the industry. 

The timing is particularly acute right now. For NRG, after 3 years of development, 
permitting, etc., many of our projects are ready or nearly ready to break ground. But for 
many of onr projects to make that jump from millions of dollars spent on development to 
the billions invested in construction, the Senate first needs to pass a comprehensive 
climate bill. This is becau.se due in part to the dramatic decline in fuel and wholesale 
electricity prices over the past year the economics of many of these projects depend 
partially or totally on their being a price imposed by the United States Government on 
emitting carbon into the atmosphere. 

That, 1 would suggest respectfully, is how the EPW Committee and the Senate as a whole 
should think about the task at hand. 1 encourage you to view your work as a bipartisan 
mission to find a climate change framework that will unleash the power ot American 
capitalism and the innovative genius of America’s entrepreneurs. Certainly I can assure 
you that if you provide a sound framework, NRG will do everything we can within our 
capability to bring the promising low carbon energy technologies being developed and 
demonstrated around our country to full scale deployment, at a cost that allows the US 
not only to compete in the global economy, but to win. 

As you address that task, and seek to improve on the effort begun in the House earlier this 
year, comprehensive federal climate change legislation designed to reduce our carbon 
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emissions by 80% by 2050 will, in fact, be our national energy policy for the next two 
generations. The House bill recognized this to a degree by including a Federal renewable 
energy standard in AR 2454. 

But a national renewable policy, such as a federal RES, while it may be laudable, is not 
by itself an effectively comprehensive low carbon national energy policy. Renewable 
resources are a major part of our low carbon fiiture, but their inherent issues of 
intermittency, limited scale, expense and geographic constraints are serious limitations. 
In fact, we need to build a zero carbon base load foundation under our wind farms and 
solar fields. That foundation is new advanced nuclear power. 

Right now NRG’s $10 billion, 2700 MW STP 3&4 project is one of the four projects 
under due diligence at the DOE for the all-critical federal loan guarantee, which was 
authorized by the Energy Policy Act of 2005 and has been administered in an admirably 
bipartisan way by the DOE through the transition from the Bush to the Obama 
Administration. We are highly confident that our project will proceed successfully 
through the DOE loan guarantee and NRC regulatory approval process, that it will be 
built on time and on budget and that it will be on line in the later part of the next decade, 
supplying inexpensive, reliable and safe base load power to 2 million Texan homes - and 
with zero carbon emissions or, for that matter, air emissions of any kind. We expect at 
least two of the other tliree projects currently before the DOE to begin operation in the 
same time frame. 

Three new nuclear power plants by 2020, while an important first step in the right 
direction, does not a nuclear renaissance make. If you assume that all 1 04 nuclear 
reactors currently operating in the United States have been retired by 2050, that means 
we need approximately 75 new nuclear units over the next 41 years simply to keep 
nuclear power’s share of electricity production near 20%. If we want to double the 
nuclear share of power production to 40% in order to accommodate demand growth and 
realize a greater carbon benefit, we are going to need to build about 150 new nuclear 
units. 

There is a big gap between the three to four new plants currently working their way 
through the system to construction now and 150. In my view, we have no hope of getting 
anywhere near 1 50 new rmits over the next 41 years unless we have an effective nuclear 
title as part of comprehensive climate change legislation in 2009. That title must embrace 
new nuclear as a fundamental building block of our 2U^ century national energy policy, 
and provide the pragmatic, essential policy tools that are needed to realize the laudable 
intentions laid out for new nuclear power in the Kerry- Boxer bill - tools that are needed 
in addition to a price on carbon for nuclear to succeed. Those tools must address the key 
commercial constraints to a nuclear renaissance, and include worker training, expanded 
domestic manufacturing capability, transitional loan guarantees for project financing for a 
second wave oi new plants, and efficient and safe regulatory approval processes capable 
of handling a much larger volume of projects. 
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Nuclear, renewables and, let us not forget, carbon capture and sequestration, can 
transform NRG’s fleet and the US power sector from high carbon to low carbon in the 
next 30 years. That will address the 40% of US carbon emissions that come from the 
power sector. But another third comes from the transportation sector, and more than half 
of that comes from light cars and trucks and simple math tells me that, if the goal is 80 % 
carbon reduction by 2050 , that means we need to aim for near total decarbonization of 
both the electric and transportation sector. 

The Boxer-Keixy bill recognizes the importance of decarbonization of the transport sector 
through electrification but is too cautious in what it proposes. Planning and grants are 
well and good, but what we need to do is start building an electric vehicle ecosystem in 
several major cities and city clusters across the country right now. In other words, we 
need to focus on a commercial foothold sti-ategy that will quickly capture a significant 
market share for electric vehicles in key American cities that themselves take steps to 
develop a coherent electric car urban ecosystem. This needs to be combined with 
provisions that foster entrepreneurial, campaign-based, commercial efforts to drive rapid 
adoption of electric vehicles by actual American customers. 

Electrification of our transport sector is, of course, not just a major step forward in our 
effort to decarbonize American society, it means much more in terms of the enhancement 
of national security and the preseivation of national wealth. The electrification of our 
transportation sector will provide the cure to our national addiction to foreign oil and will 
keep at home in the United States a substantial portion of the $400 billion of wealth 
transfer that currently takes place every year from the United States to the oil producing 
nations. 

Let me turn from what should be added to the bill to commenting on what is already in 
the Boxer-Kerry bill. First, we want to salute you, Chainnan Boxer, along with Senator 
Kerry, the members of this Committee and your staffs for starting this important work in 
the Senate. 

Let me make it clear that we support the general framework of this bill. By that, I mean a 
declining cap on carbon emissions, a market-based flexible compliance system, and a 
combination of free allocations and auctioning of allowances. Auction revenues and some 
of the free allowances are used to help buy down the initial cost imd risk of low and no- 
carbon technologies. Additional allowances and revenues arc used to buffer the impacts 
of compliance costs on end u.se consumers. And a large number of offsets and other 
measures are intended to ensure that those costs do not become excessive. This bill has 
all of those features. However, in my view, the current draft would be more effective with 
modifications to several of those key provisions: 

First, the bill appropriately recognizes that the most important source of investment in 
clean technologies is the private sector, and in the power sector that means power 
companies themselves. The transitional allocation of carbon allowances to the power 
sector is incredibly important in enabling US electric companies actually to invest in the 
scale deployment of clean technologies. As a merchant generation company, NRG would 
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face a stark choice under climate legislation without enough transitional allocations for 
merchant coal companies. Earnings that we are spending today on aggressively 
decarbonizing our fleet would instead be spent buying more allowances in the EPA 
auction, leaving us unable to deploy at scale the low carbon technologies needed to meet 
the legislation’s aggressive emission reduction goats. An adequate supply of transitional 
allocations to merchant coal companies will allow us to invest our way to a low carbon 
future; while helping ensure against carbon “windfalls” from merchant coal receiving 
excessive transitional allocations. Similarly, rate-regulated utilities need the bill’s LDC 
allowances so that they, too, can invest in costly new technology without creating the rate 
shock that would harm customers and lead state utility commissioners to slow down their 
spending on new technology. 

Given the importance of this issue, the House bill’s overall level of power sector 
allocations were at a bare minimum for us. We certainly appreciate the maintenance of 
the basic power sector framework in the Kerry-Boxer bill. However, the set aside of some 
10% of all allowances in the Senate bill for deficit reduction, while done more or less 
fairly or “across the board”, does create a real problem for companies like ours that are 
attempting to invest tens of billions of dollars in new, clean power plants in the upcoming 
decade. We think the most promising solution to this problem is to carefully improve the 
bill’s features for avoiding both under-allocation and over-allocation in and across sectors, 
and we look forward to working with members of this and other committees in exploring 
such improvements in efficiency and fairness, while maintaining the basic allocation 
approach. 

Second, we are concerned with the very' real risks to our economy and, we believe in the 
loriger run, the climate that will result from EPA regulating greenhouse gases under the 
current Clean Air Act - as it is poised to do as early as next Spring if you do not act first. 
There are two basic problems with using the Clean Air Act’s provisions for greenhouse 
gases- first, it can only mandate the use of technologies to reduce emissions, but cannot 
provide the positive incentives for rapid development and deployment of those 
technologies that would be provided by comprehensive climate legislation. Second, the 
solutions it can mandate for greenhouse gases are likely to both be highly expensive and 
environmentally relatively ineffective. To prevent both of these problems, the Senate 
must not only pass comprehensive climate legislation before next Spring, it must also 
affinnatively prevent the EPA from regulating GHGs under the Clean Air Act in ways 
that will do more hann than good in the pow'er sector. The House bill does this. The 
Senate bill should, too. We believe there are a variety of approaches to fix this problem in 
an environmentally responsible way, and look forward to working with members on 
developing a Senate solution. 

Third, the bill increases support for the broad early deployment of carbon capture and 
sequestration, which we believe is crucial for global success in reducing carbon 
emissions to acceptable levels. We appreciate the significant effort and innovation in this 
area your bill has made, and as we work through the significant details of your new 
provisions, we will commit to help with further improvements based on our own ongoing 
efforts and experience with post combu-stion carbon capture technologies. 
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Fourth, we believe that the cost containment provisions of the bill can and should be 
improved, in three key ways; 

Along with other members of USCAP, we support the ability of covered entities 
to use at least 2 billion tons of offsets, made up of no more than 1 .5 billion tons of 
either international or domestic offsets. The bill’s limitation on domestic offsets 
international offsets is too narrow, and we believe will increase the risk of 
allowance prices being unacceptably high. 

■ We also believe it is critically important to take steps that will increase the supply 
of such offsets that are in the development pipeline well before the carbon caps go 
into effect. In our view, the best way to do that is for the bill to encourage EPA to 
act now, even before enactment, to establish criteria for early offsets to qualify for 
compliance use in the program after the bill is enacted. To achieve this, the bill 
should clearly provide that any early offsets that meet such EPA criteria will 
indeed be valid for compliance. This will allow offset developers and offset 
buyers to have a high level of certainty regarding what offsets will qualify for 
compliance, and allow the early pipeline of offsets to begin to fill up almost 
immediately. This should significantly moderate costs in the early years of the 
program. 

» Similarly, we would like to see improvements in the market stability reserve 
program. Most important is for the bill to contain clearer means to ensure that a 
very large number of avoided deforestation credits from national programs will be 
procured by the US Government and used to fill and refill the reserve. This will 
allow it to be large enough to provide a truly firm cap on allowance prices. We 
are concerned that not enough attention has yet been given to ensuring that the 
reserve will be large enough to effectively prevent excessively high prices, and 
we look forward to working with you and others to ensure that it does. 


For such a complex topic as climate change, and an 820 page bill, this is a pretty short list. 
While there are many parts of the bill that do not affect us, and which we do not have an 
opinion on, I think the basic message here is that you are making a good start. While 
much additional work is needed, I believe most of it is focused in a relatively few areas of 
the bill, and that the best way to achieve success is by moving the bill forward tlirough 
the Senate process. Some of the work can best be done in this committee; I’m sure much 
important work in addressing various regional and state-specific concerns will be done in 
other committees; and much will no doubt be achieved on the floor of the Senate as well. 
Let me assure you that, as you work to improve this landfall first draft throughout the 
entire Senate process, and work above all to secure the all-important 60 votes on the 
Senate floor, we will be pleased to act as a resource to this Committee and to each of you 
in this historic and critically important task. 
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Senator Bernard Sanders 

1. We know in Vermont that energy efficiency has tremendous value, and even though 
Vermont is a leading stale, Efficiency Vermont projects even greater efficiency savings 
in fttture years. Energy efficiency is a proven way to create jobs and save consumers 
money, while reducing emissions. Would you agree that this Committee should set 
flexible, cost-effective energy efficiency investment criteria for a portion of the allocation 
that is provided for free to electric LDC’s under this legislation, just as this legislation 
does for the natural gas allocation? 


Senator Sanders, we appreciate the question and it is clearly an important issue. We sec greater end 
use efficiency as one of the key technologies for which the power sector needs the ability to invest 
in to achieve climate goals - including radically increasing the efficiency of persona! 
transportation by replacing imported oil with clean domestic electricity in America’s cars and light 
trucks. However, as a wholesale generating company, with a retail electricity marketing subsidiary 
that operates only in Texas’ competitive retail electricity market, we would not be among the local 
electric distribution companies (LDCs) that will receive an allocation under the Kerry - Boxer 
framework. Thus our standing and our expertise regarding precisely how the money should be 
spent to benefit customers may be limited. We do thoroughly support the power sector allocation 
framework in the bill, including as but as I testified, we believe it is insufficient in the Kerry-Boxer 
bill, primarily as a result of the CBO “haircut”. These allocations are critical because the preserve 
the ability of both regulated and merchant power companies to continue to make the sort of 
aggressive investments in renewables and other low or no carbon technologies that NRG is 
currently undertaking. 

One real concern with Congress mandating how the LDC allocation should be spent that we do take 
seriously is our understanding that this could increase the CBO “haircut” and reduce the number of 
allowances available for all purposes, including the support of the power sector’s investment in 
clean technologies on both the supply and the demand side of the market. Senator Whitehouse 
rightly raised this issue at yesterday’s hearing, and we share his concern. We believe finding ways 
to reduce the CBO haircut and using the savings to make the power sector allocations better reflect 
the power sector’s share of the economy’s emissions will lead to more aggressive emission 
reductions than will Congress mandating how the allowances LDCs receive are to be spent. 
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Senator James M. Inhofe 

I . Do you believe thal merchanl companies will indeOnitely need loan guarantees to 
support consiroction of new nuclear plants or do you envision the industry evolving lo a 
point where Wall Street uill become comfortable financing new plants in competitive 
electricity marked? 

Senator Inhofe, your question goes right to what we think is one of the core issues of the nuclear 
renaissance. We strongly support moving from limited government support to a fully market-based 
approach for financing new nuclear power plants as soon as it is feasible to do so. That said, it is 
clear thal loan guarantees are needed today, by both cost-regulated utilities and merchant power 
companies, for the development of the first several waves of new nuclear technology. This is in 
large part due to the combined factors of Wall Street being on life support, low electricity demand 
and low natural gas prices driving power prices lo record lows, and no track record of successful 
permitting, construction or operation of a new nuclear power plant in this country in 3 decades. 
Loan guarantees not only allow financing in this context, but also help reduce costs to utility 
customers. In terms of how long loan guarantees may be needed, we hope that economic recovery 
plus the demonstration of regulatory and commercial success in developing the first wave of new 
nuclear power plants will allow financial markets lo understand the real debt repayment risks 
associated with subsequent projects, and to make debt available at competitive and attractive rates. 

To support aggressive, safe and low cost nuclear development, we recommend the loan guarantee 
program be designed to encourage the transition to full market-based financing. This would be 
achieved by having the initial loan guarantee program evolve to a fully - self funded, industry- 
based loan guarantee program. Plants that receive loan guarantees from the government would, 
after a large enough pool of them are operating, lake on the obligation of providing the loan 
guarantee for additional new plants themselves. These loan guarantees would be designed to create 
incentives for the projects to minimize cost and risk, and to enhance operational excellence. For 
example, after a suitable period (e.g., construction plus 5 years), the loan recipient would face a 
periodic increase in interest rates to encourage private refinancing. Since most of the risk in new 
nuclear is during construction and early operation, this feature would focus developer attention on 
managing those risks efficiently and achieving a profitable operating regime thal the private market 
should be able to refinance readily. 

The industry-based funding approach would, in key regards, mirror the NEIL program for nuclear 
insurance, and would similarly incentivize reduced costs and best practices in terms of project 
development and risk management. 

This approach should readily transition to full private debt market financing, if the other factors 
beyond the industry’s control allow it to support investment in new nuclear facilities at attractive 
rates. And, if the other factors prevent such private financing, this approach would provide the debt 
insurance that is necessary for such capital intensive projects to proceed economically, without a 
need for ongoing or indefinite government support. 
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2. If loan guarantees were not available for nuclear plants, how many new plants do you 
think would get built within the next 10 years? Within the next 20? Would any plants 
gel built outside of rale-regulated markets? 

Without any loan guarantees, we do not believe more than a very small handful of new nuclear 
plants will get built, if that. This is because the very large scale of nuclear projects (which actually 
helps their total cost per kWh to be very competitive) also means their up-front cost is too large to 
finance efficiently on the balance sheet of even the largest utility companies. Without loan 
guarantees to allow the debt markets to participate in this financing, we do not think there can be a 
nuclear renaissance. 
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Senator Lamar Alexander 

i am pleased to see that NRQ has embraced the positives associated with Nuclear power, 
ll is the most reliable zero carbon source of energy we have and today produces 70% of 
our carbon-free electricity. You stated in your testimony that you support the Ketry- 
Boxer bill but that we have no hope In getting to the ISO new nuelear units we would 
need to replace retired units and get nuclear generation to 40% of our electricity 
generated in America without a strong nuclear title. 

1 . What specifically should congress do to address your comments of the need for a 
“regulatory process capable of handling a much larger volume of projects?" 

Senator Alexander, this is a complex goal that must maintain safety and public confidence and 
combine it with processing a very large number of new applications using diverse nuclear 
technologies in a timely manner. We have been extremely impressed with the NRC staffs diligent 
efforts on oiu application, and think the NRC is capable of expanding to meet the challenges of a 
broader nuclear revival. We would suggest the first step is for Congress to request a business plan 
from the NRC that achieves your goals, and then fund the NRC sufficiently to execute this 
expansion. In our view the intermediate goal should be for the NRC to be able to handle the 
throughput of 10 - 20 new applications per year without reducing the safety or effectiveness of the 
review. Notably, this task should also include identifying additional resources, changes or other 
activities, inside the NRC or elsewhere, that would allow new nuclear technologies, such as the 
HTGR, pebble-bed, and others, to efficiently proceed through the permitting process if and when 
they offer lower costs, enhanced safety, or superior fuel-cycle efficiencies. We believe that 
industry recommendations can also help Congress build on the NRC’s expertise, sense of mission, 
and lessons learned from the combined construction and operating license application. 

2, What level of loan guarantees should there be for carbon-free electricity? 

We believe, at a minimum, $15 to $20 billion is needed to support the next handful of 
projects after the EPAct 2005 loan guarantees are issued. The current volume of loan 
guarantee is sufficient to support two to three nuclear projects. Assuming that a 
realistic near-term objective is set, say 25 plants in operation or construction by 2025, 
that number would need to be significantly larger, perhaps $60billion. But for a real 
renaissance and support of a variety of zero and low carbon technologies, we believe 
a much larger volume of loan guarantees is needed — on the order of $100 billion. 

Not only will loan guarantees be essential for the nuclear renaissance, they will be 
very helpful for certain large scale and emerging renewable technologies, such as the 
concentrating solar projects we are working to develop in New Mexico and 
California. 


3. Should we remove the cap on Ihe portion of loan guarantees nuclear can receive? 

The volume of loan guarantees needed for nuclear will increase with the number of new projects. 
We believe an artificial cap for nuclear loan guarantees could limit the amount of nuclear power, 
which we see as the all-critical baseload foundation for a low carbon power fleet that includes 
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intermittent renewable energy sources and carbon capture and sequestration (CCS) technologies as 
well. However, instead of just removing the cap, we recommend an additional approach to meet 
the increasing volume. This approach would structure the nuclear loan guarantee program to 
evolve over time to an industry self-funding mechanism, where projects that receive loan 
guarantees from the government would, after a large enough pool of them are operating, take on the 
obligation of providing the loan guarantee themselves. This approach would, in key regards, mirror 
the Nuclear Electric Insurance Limited (NEIL) program for nuclear insurance, and would similarly 
and incentivize reduced costs best practices in terms of project development and risk management. 

This approach would readily allow a transition to financing strictly through the private debt market, 
if the other factors beyond the industry’s control allow it to support investment in new nuclear 
facilities. If not, it would provide the debt insurance that is necessary for such capital intensive 
projects to proceed economically, without a need for ongoing or indefinite government support. 


4. Should we eliminate the 10% “subsidy cost charge" that utilities must pay to receive a 
loan guarantee? 

We think it is fair to ask loan guarantee recipients to pay a fee based on the actual default rates and 
costs, especially as the track record of new nuclear projects is established. However, we believe 
that fee should be far below 10%, which we view as an excessively high and unjustified amount for 
individual projects to pay. We have analyzed historical failure rates in the nuclear industry, and 
believe the true subsidy cost based on those projects would be something closer to 1 to 2%, 
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Senator Boxer. Mr. Crane, thank you for those very important 
words and also your very specific recommendations. We really ap- 
preciate it. 

Our second majority witnesses is Ralph — how do I say it? 

Mr. Izzo. Izzo. 

Senator Boxer. Izzo. And Ralph Izzo is the Chairman and Chief 
Executive Officer and President of Public Service Enterprise Group 
Incorporated. 

STATEMENT OF RALPH IZZO, CHAIRMAN, PRESIDENT, AND 

CHIEF EXECUTIVE OFFICER, PUBLIC SERVICE ENTERPRISE 

GROUP 

Mr. Izzo. Madam Chairman, PSEG owns and operates a large 
fleet of power plants. Roughly half of our power comes from nuclear 
generation, while the remainder is fueled equally by coal and nat- 
ural gas. 

We are investing over $1 billion in energy efficiency, solar gen- 
eration and offshore wind. And we serve more than 2 million elec- 
tric and gas customers, many of whom struggle to pay their bills. 

So PSEG cannot be defined strictly as a nuclear company, strict- 
ly as a coal company, a renewable company or a regulated utility. 
We have all of these interests under one corporate umbrella. 

As such, we have had to think hard about the challenges and 
tradeoffs associated with climate change. We conclude that our 
company, our customers and our Nation urgently need this Con- 
gress to establish a national cap and trade system. I applaud you 
and Senator Kerry for your bill engaging in this critical dialogue. 

There are many provisions in the bill that my company supports, 
but some that we do not. But we choose not to let perfection be the 
enemy of the good. We must continue the drive to final congres- 
sional action. 

First, without action, our industry is paralyzed. Those in our in- 
dustry who are already subject to carbon regulation, including 
PSEG, are responding by making low carbon investment choices. 
But uncertainty about a national program slows or transition to a 
green economy. Those in our industry not subject to carbon regula- 
tion recognize that they soon will be. 

If Congress does not act, the EPA will. The EPA has already an- 
nounced its intention to regulate greenhouse gases under the Clean 
Air Act by March of next year. 

We all know how markets respond to uncertainty. Investment is 
cautious, innovation is stifled, job creation is tepid. The uncertainty 
about carbon regulation hangs over decisions about retrofitting coal 
plants to reduce their emissions, pursuing new nuclear, or invest- 
ing in offshore wind. It is bad for investors, it is bad for customers, 
and it is bad for employees. 

Only Congress can give us the certainty of a sustainable national 
cap and trade program. This program should supersede existing re- 
gional programs to create an even and predictable playing field for 
investment as the bill before this committee does. 

However, to ensure sustainability, we cannot overburden cus- 
tomers with cost increases. That is why a price collar that mini- 
mizes price volatility and limits the price of carbon while maintain- 
ing the integrity of the cap is a critical provision. 
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It is also vital to distribute an adequate number of carbon allow- 
ances to customers through their regulated electric utilities. Pro- 
viding allowances to utilities and mandating that the savings be 
passed to customers is the most direct way to minimize cost in- 
creases. This was part of the allowance compromise agreed to by 
members of the Edison Electric Institute. This agreement recog- 
nized the need to balance protections for customers in coal heavy 
regions with protections for customers who are already paying 
higher prices for cleaner generation. I commend this committee for 
preserving this framework. 

The second reason for moving ahead promptly on climate change 
is that America is losing ground to other countries. Germany and 
England have robust offshore wind industries. Israel and Denmark 
are deploying electric vehicle infrastructure. China is becoming the 
world’s primary source for solar panels. 

Putting a price on carbon is the single most important step to- 
ward making America a leader in this new energy economy. It will 
encourage investments in energy efficiency, in renewable energy, in 
energy storage, nuclear power, electric vehicles and other low car- 
bon solutions. In short, it will create jobs. Eueled by strong State 
level policies, a local New Jersey company is hiring 100 workers to 
make inverters for solar panels for PSEG to mount on our utility 
poles. We need to drive this kind of job creation nationally. 

The third, final and most important reason we cannot delay ac- 
tion on climate change is that scientists say we are quickly running 
out of time. The latest data sends an unmistakable message that 
climate change is already occurring and faster than predicted. 

This issue will always be difficult. There will always be regional 
disputes and concerns about impacts on customers. But we must 
overcome these challenges sometime if we are going to confront cli- 
mate change, create jobs and make America a leader in the low 
carbon economy. 

Thank you for listening. 

[The prepared statement of Mr. Izzo follows:] 
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WRITTEN TESTIMONY OF 
RALPH IZZO 

BEFORE THE UNITED STATES SENATE COMMITTEE ON 
ENVIRONMENT AND PUBLIC WORKS 

HEARING ON CLEAN ENERGY JOBS AND 
AMERICAN POWER ACT 


OCTOBER 28, 2009 


Chairman Boxer, Ranking Member Inhofe and members of the 
Committee, I am pleased to be here today to testify on the Clean 
Energy Jobs and American Power Act. 

My name is Ralph Izzo and I am Chainman, President and CEO of 
Public Service Enterprise Group, headquartered in Newark, New 
Jersey. 

PSEG owns and operates a large fleet of power plants. Roughly half of 
our power comes from nuclear generation, while the remainder is 
fueled equally by coal and natural gas. 

We are investing over one billion dollars in energy efficiency, solar 
generation, offshore wind and new nuclear power. 

We serve more than two million electric and gas utility customers, 
many of whom struggle to pay their bills. 

PSEG can’t be defined strictly as a nuclear company, a coal company, a 
renewable company or a utility. We have all of these interests under 
one corporate umbrella. 

With such a diverse mix of assets, we’ve had to carefully consider the 
challenges and trade-offs associated with climate change, and we arrive 
at the conclusion that our nation urgently needs this Congress to 
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establish a national carbon cap-and-trade system to reduce greenhouse 
gas emissions. 

I applaud you Chairman Boxer, along with Senator Kerry, for 
introducing the legislation that is now before this Committee. 

There are many provisions in the bill that my company supports, and 
some we do not. But we choose not to let perfection be the enemy of 
the good. We must continue the drive toward final passage of climate 
legislation with a sense of urgency that matches the seriousness of the 
challenge in front of us. 

Without action our industry' is paralyzed. 

Some companies are now making low-carbon investment choices, 
particularly those like PSEG that are already subject to carbon 
regulation. But uncertainty about a national program slows our 
transition to a green economy, complicating investment decisions about 
whether to retrofit coal plants to reduce emissions, pursue development 
of new nuclear or invest in offshore wind. 

And while we delay, America is losing ground to nations around the 
world. 

Germany and England have robust offshore wind industries. Israel and 
Denmark are deploying electric vehicle infrastructure. China is 
becoming the world’s primary source for solar panels. Of the more 
than 50 nuclear plants cun-ently under construction around the world, 
only one is in the United States. 

Putting a price on carbon is the single most important step toward 
making America a leader in this new energy economy. 

It will open the floodgates for investments in energy efficiency, 
renewable energy, energy storage, nuclear power, electric vehicles, and 
other nascent low-carbon solutions. 



And it will create jobs. 

For example, fueled by strong state-level policies, PSEG is hiring 
unemployed Newark residents to conduct energy audits in their 
community. And a New Jersey based company is hiring 100 workers 
to make solar panels for PSEG to mount on our utility poles. 

We need to drive this kind of job creation nationally. 

Many before me have noted that the decision facing Congress is not 
whether to curb greenhouse gas emissions, but whether to ensure, by 
enacting a cap-and-trade program, that these reductions will occur at a 
lower cost to consumers and our economy. Make no mistake - those 
not yet subject to carbon regulation know that they soon will be. 

The EPA has already announced its intention to regulate greenhouse 
gases under the Clean Air Act by March of 2010. The immediate 
implication for the electric industry is that fossil-fueled power plants 
will be subject to New Source Review and Best Available Control 
Technology determinations for new power plants and major 
modifications of existing power plants. What constitutes Best Available 
Control Technology is anyone’s guess right now, but by March of next 
year, permit writers in states will be left to figure that out. Congress 
can avoid this costly and cumbersome path by enacting strong cap-and- 
trade legislation that obviates the need for EPA to regulate greenhouse 
gases under the Clean Air Act. 

PSEG supported the House passage of the American Clean Energy and 
Security Act of 2009, and we are pleased to see that several elements of 
that legislation are contained in the measure before this Committee 
today. 

In particular, PSEG commends the Chairman’s Mark for its recognition 
that climate change is a national and global threat that must be 
addressed at the national level rather than through separate regional 
efforts. While we have been an active participant and supporter of the 
Regional Greenhouse Gas Initiative in the Northeast, PSEG supports 
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the moratorium on these programs contained in the bill. Ultimately, the 
regulatoiy regime for carbon must reflect the feet that greenhouse gas 
emissions from power plants do not represent a local public health 
threat as do other pollutants regulated by states under the Clean Air 
Act. 

PS EG also strongly supports the provision in the bill allocating 
allowances to electricity and natural gas consumers through their state- 
regulated local distribution companies or LDCs. Utilities are the 
contact point with almost every citizen and business that will be 
impacted by a cap-and-trade system. Therefore, providing allowances 
to utilities and mandating that allowances benefit their customers is the 
most direct way to minimize price increases and ensure that consumers, 
not companies and their shareholders, realize the value of the 
allowances. With the LDC allocation targeted specifically for rate 
relief, allocating allowance to customers is the best way to prevent 
intolerable price increases in the early years of the program before new 
technologies are widely available and deployed. 

The Chairman’s Mark provides that all local distribution companies - 
whether investor-owned utilities, rural electric cooperatives, or 
municipally owned utilities - are allocated these allowances, with 50 
percent allocated based on emissions and the other 50 percent based on 
electricity deliveries. This allocation formula results in an equitable 
distribution for all consumers. The allowances allocated based on 
deliveries recognize that customers in certain regions have already 
made investments in lower-carbon energy resources and pay higher 
prices as a result. At the same time, the allowances based on emissions 
smooth the transition for customers served by higher carbon emitting 
resources. This, along with a much smaller fraction of allowances set 
aside for merchant coal plants, make up the key elements of the EEI 
compromise that 1 worked on with my industry colleagues for two 
years, and 1 am pleased that the bill preserves this framework. 

Because the power we generate for our customers accounts tor 40 
percent of economy-wide greenhouse gas emissions today and will 
account for a larger share in the future as our customers turn to electric 
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vehicles, PSEG believes that 40 percent of the total allowances should 
be provided to the electric sector for a transitional period. 

Another important element of the bill is the price "collar". 

Sustained high allowance prices or extreme price volatility could erode 
public support for a cap-and-trade program. On the other hand, 
sustained low prices will undermine investment in low- and no-carbon 
technologies. Companies will only make the necessary investments if 
they are confident that the federal program is economically and 
politically sustainable. Therefore, we support a price collar design 
which minimizes price volatility while maintaining the integrity of the 
emissions cap. 

Lastly, PSEG is pleased that the Chairman’s Mark enables state public 
utility commissions to dedicate a portion of the LDC allocations to help 
fund energy efficiency programs, but we would not support a 
mandatory set aside for energy efficiency from the LDC allocations. 

As a utility that is investing heavily in energy efficiency programs in 
New Jersey, but also a utility facing the fact that one in every six 
dollars of customers’ bills is more than six months in arrears, we 
believe that the central objective of rate relief through the LDC 
allowances must be preserved. 

In closing, I would emphasize my strong support for a comprehensive 
approach like that contained in the Chairman’s Mark. We must 
establish a framework and a strategy that will guide our economy in 
deploying the lowest-cost abatement opportunities. At the same time, 
we believe it is important to recognize that capping carbon emissions is 
a powerful act that in itself will do much to drive investment in low- 
and zero-emitting technologies. We would recommend careful 
consideration of any additional programs to ensure they will actually 
achieve a goal beyond what cap-and-trade is inherently designed to do. 
In other words, additional programs beyond a carbon price signal 
simply may not be needed. 

Madame Chairman, I thank you for the opportunity to offer my views 
this afternoon on the Clean Energy Jobs and American Power Act, and 
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on the urgent need to enact climate legislation. When all is said and 
done, we cannot delay action on climate change. 

The latest scientific data send an unmistakable message - climate 
change is already occurring, and faster than previously predicted. 

Other scientists more qualified than me will explain to this committee 
the dire implications of this latest data, but 1 can tell you as a CEO that 
I have never seen our industry' face a more urgent problem. We need a 
path forward to a low-carbon future. 

This issue will always be difficult. There will always be regional 
disputes and concerns about impacts on customers. But we must 
overcome those challenges if we are going to confront climate change, 
create dean energy jobs and make America a leader in the low-carbon 
economy. 

The time for action is now. I am confident that this Committee, and 
ultimately this Congress, will rise to the challenge. 
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PSEG 

“Climate change is the preeminent issue of our time, with the power to transform both 
our company and our industry.” 

- Ralph Izzo, PSEG’s Chairman, President and CEO 



Energy Efficiency 

> In November of 2008, PSE&G launched a $46 million energy efficiency program targeted to urban centers in 
New Jersey. 

o To date, 762 home.s in Trenton and Newark have benefited from energy audits. Of them, 473 homes 
have received blower-door tests and air sealing, 
o 4,947 customers have received programmable thermostats 
o 79,055 CFLs have been distributed 
o 35 hospitals are receiving investment-grade energy audits 

o Program will be expanded to other Urban Enterprise Zone-designated municipalities 
o Average residential electric customer will pay about 16 cents per year, while average gas customer 
will pay 47 cents per year in first year of the program 

> PSE&G gained approval from the BPU on July 1, 2009 to invest an additional SI 90 million to bring energy 
efficiency measures to residential customers, multi-family affordable housing units, municipal buildings and 
businesses such as cash-strapped hospitals. 

o Includes energy audits for homes, small businesses and hospitals and the installation of insulation, 
programmable themiostats and efficient lighting. 

o Expected to boost the economy by creating an estimated 689 ’‘green” utility and contractor jobs 
during the next two years. About 290 of the jobs are expected to be created by hospital work, 
o Thirty-two hospitals in PSE&G territory have applied for the program. Four just recently completed 
investment grade audits, including University Hospital in Newark. Fourteen hospitals - including 
Robert Wood Johnson University Hospital in New Brunswick, St. Joseph’s Regional Medical Center 
in Paterson and Princeton Healthcare in Princeton - are in the process of undergoing investment- 
grade audits. The remainder will be scheduled as audits are completed, 

> Induction lighting: As part of its accelerated infrastructure investment approved in April by the NJ Board of 
Public Utilities, PSE&G will be spending $50 million to replace mercury vapor municipal street lighting with 
more efficient induction fluorescent lighting that will provide immediate cost savings to municipalities. 

o The utility is the first in the nation to offer the new green fixtures, which emit more light, last four 
times longer and cost less to operate than older models, 
o In mid-September 2009 PSE&G began installing the lights on Newark's Jersey Street and will 
eventually replace 96,000 older lights in 81 municipalities tliroughout its service area. Wayne, 
Secaucus, Guttenberg, Lincoln Park, Verona, Caldwell, Cedar Grove and Essex Fells have also 
received the iastailations. The project is plamied to be completed over two years, 
o Vendor selection has been completed. 

■ JBL Electric is performing the street light installations in the North (Metro and Palisades 
Division). JBL began work in the first week of September 2009 and is expected to ramp up 
to 200 installations per day. 

■ Henkels & McCoy will be performing the installations in the South (Central and Southern 
Divisions) and is expected to begin in mid-October 2009. 
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Renewable Knergv 

> Soiar 4 All, PSE&G received approval on July 29, 2009 from the New Jersey FJoard of Public Utilities to 
invest S5 1 5 million in 80 megawatts of solar projects in the next three years (through 20 13), doubling the 
state's solar capacity and creating green jobs. PSE&G has a S190M contract with Petra Solar, which will 
provide the pole attached solar units, through 2010. 

o The program will install grid-connected solar systems on NJ schools, municipal buildings, low 
income housing complexes, non-profit owmed facilities, brownfield sites, PSE&G facilities and on 
200,000 utility poles in its sen-dee territoryc 

o The initiative will expand New Jersey's soiar infrastructure and will satisfy nearly 7 percent of the 
state's renewable portfolio standards requirements through 2020. The SO megawatts of solar capacity 
will eliminate ! .7 million tons of C02 emissions, which is the equivaienl of removing nearly 3 lO.OOO 
cars from the road for one year. 

o The impact on a typical residential customer is forecasted to be 10 cents per month in the first full 
year of the program and increases up to 35 cents per month in 2013. 

o PSE&G Owned Sites: Program has received 53 proposals for five sites, bid evaluations are under 
way. 

o Neighborhood Solar (Pole-Attached): 365 panels were delivered. 13,000 pole inspections 
completed, 75 panels installed in Woodbridge/Edison by PSE&G crews- 

> Solar Loans. PSE&G is offering SI05 million in loans to help expedite and finance the installation of 30 
MW of solar power on homes, businesses and municipal buildings throughout its electric service area. The 
funding provides stable, secure capital and it is spurring investment in solar energy. 

o 99 customers have a loan commitment - $48.2 million, 1 3.0 megawatts of .solar capacity 

o 14 loans have, dosed so far - $20.7 million, 5.7 megawatts of solar capacity 

o Customers include; Hartz .Mountain Convention Center (Sccaucus), .American Industrial Supply 
(Perth .Amboy), Halls Warehouse Corp. (South Plainfield), Cox .Auto Trader, LLC - solar car port. 
(Bordentovvn), and Continental Trading and Hardware (Newark). 

> PSEG Solar Source 

o PSEG fonned a wholly-owned subsidiary. PSEG Soiar Source LLC, to develop, construct, own and 
operate large-scale solar facilities outside of PSE&G’s service territory. 

o On September 23, 2009, PSEG Solar Source LLC completed the acquisition of two utility-scale solar 
projects from juwi soiar Inc. to be located in Florida and Ohio. Solar Source also announced that it 
has developed a third solar project located in New Jersey (capacity totaling dose to 30 megawatts). 
Under an agreement, juwi solar Inc. will provide the engineering, procurement, construction, and 
initial operation and maintenance services for the projects, which will be owned by PSEG Solar 
Source. The three projects are: 

0 The Mars Solar Garden: a 2.2 MW direct current (DC) facility located on 1 8 acres adjacent to 
Mars Snackfood's U.S. headquarters in western New Jersey. 

• Targeted for completion in 2009. 

• Mars Snackfood has contracted for the output of the system. 

• Florida: .A 15.0 MW DC solar farm on 100 acre.s in Jacksonville, Florida. 

• To begin construction in 2009 and to begin commercial operation in the summer of 
2010 ." 

• JEA, a Jacksonville municipal utility, has contracted for the output of the system and 
the renewable energy credits. 

• Ohio: A 1 2.0 MW DC solar farm on 80 acres in Wyandot, Ohio. 

• To begin construction by the end of 2009 and to begin commercial operation in 2010. 

• ,AEP Ohio has contracted for the output of the .system and renewable energy credits, 

• Ail three project.s utilize thin film panels provided by First Solar and will be ground- 
mounted. The projects together will include 380,000 solar panels and represent an 
approximately SlOO million investment by PSEG Solar Source. 

> Offshore wind. PSEG Global has teamed with Deepwater Wind to form a joint venture called Garden Slate 
Offshore Energy, which is working to develop a 350-megawatt wind farm off the southern coast ofNew 
Jersey. 
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Clean, Central Station Power 

> On August 1 8, 2009. PSEG Nuclear submitted applications to the U.S. Nuclear Regulatoiy Commission 
(NRC) to extend the operating licenses of its Salem and Hope Creek generating stations by 20 years. The 
company continues to explore the possibility of building an additional nuclear plant to meet the demand for 
clean energy and is considering filing an early site permit application in spring 2010. 

o The NRC is expected to spend 22 to 30 months reviewing PSEG Nuclear's applications before 
making a decision. The public will have opportunities to participate in this process. 

Advanced Energy Storage 

> PSEG Global is part of a joint venture called Energy Storage & Power (ES&P), which is promoting the next 
generation of compressed air energy’ storage (CAES). This technology has the power to vastly improve 
dispatch and the economics of renewable energy. Several third parties have submitted proposals to DOE for 
stimulus funding for CAES projects using ES&P technology. 

Walking the Walk 

> Energ)’ Efficient Electric Delivery Equipment PSE&G is investing in more efficient primary and 
secondary wires for new overhead installations, installing more energy efficient transformers atop utility 
poles when new or replacement units are needed, and expediting the replacement of aging transformer banks 
with state-of-the-art units in some of its electrical substations. 

o PSE&G installed approximately 5,500 higher efficiency pole-top transfonners in 2008 at a cost of 
SIO million. 

o PSEG spent .S4.6 million in 2008 on the replacement of 16 pairs of aging, high loss 26-4kV, 4 MV.A 
transformers with 16 new 26-4kV, 9 MVA low loss transformers. 

• Tn addition to cutting operating line losses by over 50 percent (projected savings of over 3 
million kWlt per year for the lota! of 16 replacements), this commitment will enhance 
reliabilicy. 

• Ail of the 1 6 transformers have been purchased. One has been installed so far in 2009. 
Installations arc expected to be completed over the next 1 8-24 months. 

> Greening Our Own Facilities. 

o PSEG has completed energy audits of many of its own facilities, identifying ways to reduce electric 
usage. Reforms under way include converting existing electric boilers to gas-fired boilers, upgrading 
to more energy-efficiency lighting and installing occupancy sensors. 

• Completed energy audits at 16 facilities 

• Established energy efficiency tracking measures for gas and electric energy use at 23 PSEG 
locations 

• Educated employees about energy efficiency and reduced water use in the workplace and 
home Uirough various programs, including a lecture series 

• Continued work on Leadership in Energy and Environmental Design (DEED) commercial 
interiors project at the administrative offiice at our Linden Generating Station. 

• Initiated operation of a 75 KW solar array system on the roof of the Energy and 
Environmental Resource Center (EERC) in Salem. 

• Completed engineering analysis of our Hadley Road facility in Somerset and began the 
implementation of HV.AC and lighting energy conservation measures 

• Initiated an energy conservation effort at our Lawrenceville Electric HQ implementing 
energy conservation measures resulting from an energy audit completed at the facility. 

• Began outreach program at our Customer Operations facilities to reduce energy consumption 
by employees by monitoring energy use and elevating awareness of energy use reduction. 

• Completed the installation of a 2.2KW wind turbine at our Energy and Environmental 
Resource Center (EERC) in Salem. 

• Completed a Green Facilities Master Plan identifying PSEG's Energy Efficiency Mission, 
Vision and Objectives and its linkage to sustainability and carbon reduction. 
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• Achieved a Leadership in Energy and Environmental Design (LEHD) Conimerciai Inierior 
Silver Certification for our improvements made to the office complex at the Energy and 
Environmental Resource Center (EERC) in Salem. 

• Initiated the development of Energy Profiles for 3 facilities identifying energy use, energy 
use benchmarks, and operational and behavioral facility modifications to achieve energy use 
reductions and accompanying carbon reduction. 

o In 2009, PSE&G received the Corporate Green Commitment Award for a Major Corporation from 
the U.S. Green Buildings Council New Jersey Chapter for our promotion of energy eftlcieney 
programs and support of sustainable green building practices. 

Greening Our Fleet. During the next decade, PSE&G will invest in hybrid cars and light trucks, hybrid 
bucket truck prototypes, electric-drives and alternative fuels in an effort to reduce harmful emissions that 
contribute to global warming. 

c 29 hybrid cars have been purchased 
o 443 hybrid Sport Utility Vehicles have been purchased 
o 2 hybrid bucket trucks are in use 
0 235 electric drive trucks are in use 

o 2,805.373 gallons of biodiesel fuel used 
o 2 Mini E Coopers 

• On June 1 S. 2009 PSE&G leased two Mini-E electric vehicles as part of BMW's electric 
vehicle 1 -year lest program. The cars will be used for internal testing and data collection. 
PSE&G will install a wireless meter on the charging circuit at several customer locations to 
track electric kilowatt hours, kilowatt demand and time-of-use data for the vehicle. 

• About 20 residential customers and several municipalities in our sendee teiritory -- including 
Newark - also are participating in this pilot program. 

> Greening our Operations. PSE&G has recently modified its business practices to signilicant.ly reduce its use 
of mobile generators that are used to maintain reliability. As a result, we will reduce our consumption of 
diesel fuel, save money, and cut emissions of carbon dioxide and paniculate matter, 
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Investing in reUabilitv and NJ jobs 

> Capita! infrastructure stimulus. During the next two years, PSE&G w’ill invest S694 million in accelerated 
electric and gas inlrastructure projects - creating 900 new utility and contractor positions while ensuring that 
customers continue to receive safe, higiily reliable electric and gas ser\dce. 

0 S42 1 million in electric system improvements, including S50 million to replace 96,000 street lights 

with more efficient induction fluorescent lights. PSE&G is the first utility in the nation to olfer the 
new "green" fixtures, which emit more liglit, last longer and cost less to operate. 

o .S273 million in gas system improvements, including replacement and reinforcement of aging cast 
iron and bare steel mains and services, and upgrading metering and regulating stations. 

o PSE&G will recover costs of the programs through an annual adjustment to electric and gas rates, 
which would increase the typical residential customer’s bill by less than I percent, about S9 per year. 

> Electric 

c 69 new Electric Distribution personnel have been added. 

o S20.2M ha.s been spent verses the filed plan of S17.7M. 

o Approximately 37 of the expected 609 FTE jobs have been created (based on the BPU stipulated 
calculation method). 

0 The first of two contracts for the Adv'anced Street Lighting project has been awarded. Work is 
scheduled to begin in early September. The second contract is expected to be awarded in mid- 
September with work to begin in October. 

0 Contracts are being awarded for BUD projects projects. Some aspects are still being reviewed with 
the IBEW. 

o Offers are being made to approximately 25 contract employees. They will be given GIS mapping 
assignments to free up other engineering resources to focus on various stimulus projects. The OPEIU 
has been made aware of this plan. 

o Engineering and/rir construction is under way on 2 1 of the 35 stimulus projects. 

> Gas 

o Gas Delivery will be hiring about 90 new employees; 85 new employees are on property as of late 
August, with offers out to the remaining positions. 

o All 2009 stimulus work has been identified and approximately 95 percent has been engineered in the 
layout departments, An ongoing contractor bid schedule has been established with over 30 bids 
awarded as of late September. 

o Over 39 miles replacement main and over 1900 replacement services have been installed as of late 
September. 

> Smart Grid 

o On August 5, 2009, PSE&G submitted an application for S76 million in federal stimulus funding 
through the U.S. Department of Energy's Smart Grid Investment Grant Program. The $152 million 
project would allow for improvement in electric reliability by modernizing the distribution system, 
such as upgrading 40 substations. 

o According to federal government measures, the grant and network investment would account for as 
many as 551 jobs, including direct PSE&G hires and contractors, as well a.s suppliers and services. 
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Senator Sanders: 

Q. We know in Vermont that energy efficiency has tremendous value, and even though Vermont 
is a leading state, Efficiency Vermont projects even greater efficiency savings in future years. 
Energy efficiency is a proven way to create jobs and save consumers money, while reducing 
emissions. Would you agree that this Comminee should set flexible, cost-effective energy 
efficiency investment criteria for a portion of the allocation that is provided for free to electric 
LDC's under this legislation, just as this legislation does for the natural gas allocation? 

Ralph Izzo Response: 

A. Putting a price on carbon will create a powerful incentive for carbon reductions through 
energy efficiency, and PSEG believes that energy efficiency must play a central role in meeting 
the greenhouse gas reduction goals of the bill. PSEG will have invested over $230 million by the 
end of next year to deploy energy efficiency to its customers in New Jersey. Some of that money 
is targeted to customers in urban centers, where, due to the economy and income levels, we have 
seen slow adoption of energy efficient products. 

We think utilities are the key to driving energy efficiency at the customer level. We have the 
expertise and customer relationships to deliver results on a scale few others can match. But we 
have to find a way to enable utilities to make delivering energy efficiency a sustainable business 
model. We have worked with our Board of Public Utilities in New Jersey to create a regulatory 
approach where the utility is compensated the same regardless of whether we invest in pipes and 
wires or energy efficient light bulbs on behalf of a customer. This is a win-win for the 
environment and the electric customers, and it will motivate utilities to make these investments. 
Embedded in this reform is the recognition that an individual commercial or residential customer 
makes a much shorter-term economic calculation when deciding whether to purchase an energy 
efficient product than a utility would make. Therefore, changing the investor from the individual 
customer to the utility can make a huge difference. 

We applaud you and other members of the Committee who are committed to making sure that 
energy efficiency is a top national priority. At the same lime, I would be concerned that a 
mandatory set aside from the LDC allowance pool for energy efficiency might only provide a 
temporary boost to energy efficiency efforts compared to structural reform in utility ratemaking 
at the slate level, such as what I describe above. And, as 1 mentioned in my testimony, 1 am also 
very concerned about diluting the rate relief provided by the LDC allocation by mandating that 
these allowances be used for any other purpose. 

Please feel free to contact me if you would like to discuss this further. 
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Senator Boxer. Thank you, Mr. Izzo. I found your remarks to be 
very important. 

I am going to ask Senator Gillibrand to introduce our next wit- 
ness because she actually arranged that this very important wit- 
ness be heard. 

Senator. 

Senator Gillibrand. Thank you, Madam Chairwoman. I appre- 
ciate you allowing me to introduce a fellow New Yorker. 

Mr. Kevin Law is not just a fellow New Yorker, but also the 
President and Chief Executive Officer of the Long Island Power 
Authority, also known as LIPA. LIPA is the second largest public 
utility in the United States, serving more than 1.1 million cus- 
tomers from Montauk to Far Rockaway. 

Mr. Law also serves on a number of important organizations 
such as the Advanced Energy Research and Technology Center lo- 
cated at SUNY Stony Brook, as well as the New York State Smart 
Grid Consortium. 

Madam Chairman, I am so happy that he could be here with us 
today to discuss this very important legislation and his efforts to 
advance energy efficiency and consumer protection programs all 
across Long Island. 

Senator Boxer. Well, thank you so much. Senator, for all your 
hard work. And I just want to say that, for those who are here 
from New York and outside of New York, the role that the Senator 
from New York has played in this, putting together this bill and 
focusing on many of the aspects, including the way cap and trade 
would work and also making sure we take a look at ways to incen- 
tive clean cars, especially in her home State. 

So, I am just so glad you are here today. I know how hectic you 
are. 

Mr. Law, you got a very good introduction; please proceed. 

STATEMENT OF KEVIN S. LAW, PRESIDENT AND CHIEF 
EXECUTIVE OFFICER, LONG ISLAND POWER AUTHORITY 

Mr. Law. Well, I appreciate that. Thank you very much. Senator 
Boxer and my home State Senator, Senator Gillibrand. Thank you 
very much for those kind words. 

I will be brief I have submitted written testimony, and I ask 
that be entered into the record. 

Senator Boxer. Without objection. 

Mr. Law. Again, I want to thank you for the opportunity to brief 
you on things that are going on in New York and on Long Island. 
I want to thank Governor David Paterson, who has challenged 
LIPA and is leading the way in New York in terms of energy effi- 
ciency and renewable energy, and challenging the utilities to help 
address the goals of New York State. 

I support your efforts for this bill. The old ways of doing things 
in terms of generating electricity and distributing electricity are no 
longer working. And they are not going to allow us to address our 
energy challenges and economic challenges for the future. We have 
a 21st century high tech world with a 20th century low tech grid. 
And we need to be doing things differently. 

We also need partnerships. No one entity can do it alone. We 
need the Federal Government to play its role, we need the State 
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government and the local governments and the utilities, because no 
utility can do it alone either. And so we appreciate your efforts 
here with this legislation. 

New York, Senator, is already operating under a cap and trade 
system. We are part of the Regional Greenhouse Gas Initiative, 
which is part of 10 Northeastern and Mid-Atlantic States through- 
out the country that are participating under RGGI. And guess 
what? The sky did not fall. 

[Laughter.] 

Mr. Law. The program has been operating well, and all of the 
utilities have been cooperating. So I share that news with you. 

As for LIRA, we are doing some very exciting things that I think 
the rest of the country can follow. We have a Solar Pioneers Pro- 
gram, and we have placed over 2,000 customers with solar panels 
to date. We are also doing the largest solar energy project in New 
York State’s history, a 50-megawatt project. 

But here is the key, and from the testimony this morning with 
your colleagues. Before LIPA started that solar program, there 
were only two companies on Long Island who were involved with 
the installation and maintenance of solar panels. Today, several 
years later, we have over 30 companies on Long Island involved 
with the installation and maintenance of solar panels. It is all 
about jobs. And we have demonstrated that we can create jobs. 

We are also exploring the country’s largest offshore wind project 
in the country. I am doing that with Consolidated Edison, an inves- 
tor-owned utility. Remember, LIPA is a public utility, we do not 
have shareholders, we only have rate payers. We are working on 
that with ConEdison and other State entities and agencies, and we 
know that is also something that can also create jobs. So, we are 
in the process of exploring that. 

But one of the best programs that we have going is Efficiency 
Long Island. It is the largest energy efficiency program for any 
public utility in the country. It is a $924 million program over the 
next 10 years, and the goal of that program is reduce our peak de- 
mand. The goal is help our customers lower their bills and to allow 
LIPA to avoid having to build the next power plant. 

This program is the power plant we do not have to build. That 
is why efficiency, we believe, is the next best resource and the 
cheapest resource for both our rate payers and our environment. 

So, I believe this legislation can work. I have submitted testi- 
mony with parts that we like and some parts where we suggest a 
couple of minor tweaks. But if we are going to enter into and pre- 
pare for a clean energy economy, we need to start investing in our 
energy future today. 

We are doing that on Long Island, we are doing that in New 
York State with the help of Senator Gillibrand and Senator Schu- 
mer and Governor Paterson, and we know the rest of the country 
could do it. 

We look forward to working with you and other utilities across 
the country to show that this can work. 

Thank you. Senator. 

[The prepared statement of Mr. Law follows:] 
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Introduction 

Good afternoon Chairman Boxer, Ranking Member Inhofe, and members of the Senate 
Envirorunent and Public Works Committee. My name is Kevin Law and I am the President and 
CEO of the Long Island Power Authority, also known as LIPA. 

On behalf of Governor David A. Paterson, I thank you for giving me this opportunity to testify 
today and to share with you the perspective of the Long Island Power Authority and that of New 
York State on the Clean Energy Jobs and American Power Act. 

I am happy to acknowledge and thank Senator Kirsten Gillibrand - my home state Senator - for 
her unwavering support and all the great work she does for New York and for our country. 

S. 1733 is necessary and groundbreaking legislation that will spur the new 21“' century clean 
energy economy, diversify our energy portfolio to move toward renewables, create green jobs, 
reduce greenhouse gas pollution, and wean ourselves off our dependence on foreign fossil fuel. 

I support your efforts and am pleased and proud to share with you the New York and Long 
Island story. LIPA can provide a unique perspective from a utility, state, and region that is 
already operating under programs to reduce pollution and develop the clean energy economy. 

LIPA is the second largest public power company in the country. We serve as the primary 
electric provider for 1.1 million customers and a population of nearly 3 million people in Nassau 
and Suffolk Counties on Long Island and in FarRockaway inNew York City. We are a 
municipal subdivision of the State of New York and operate as a non-profit state entity and thus 
we do not have any shareholders - only ratepayers.’ 


' LIPA is a member of the American Public Power Association and the Large Public Power Council and 
acknowledges some of their members do not share its ciews and certainly docs not speak on behalf of them or any 
other public utility in this matter. 
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Climate change is the most pressing environmental issue of our time. There is no question that 
we need bold action at the federal level, beginning with strong cap and trade legislation. We need 
partnerships to address our energy challenges, as no one level of government or utility can solve 
these problems alone. We need the federal government to work with states, local governments, 
and utilities. Together, we can meet our challenges. 

But the need for action at the federal level does not diminish the need for action at the -state level. 
In New York, we have taken up the mantle of experimentation and innovation. We have 
transformed our state into a proving ground for the latest technological advances and policy 
reforms. And we are setting the national standard for what a state can do by itself and with other 
states to combat climate change. Consequently, we believe that S. 1733 can work for the nation 
because we are already doing it in New York. 

Our experience in New York and at UP .A under a number of aggressive and comprehensive 
clean energy goals and initiatives shows that we can do this. 

New York is 1 of 10 Northeastern and Mid- Atlantic sthtes (New York, Connecticut, Delaw'are, 
Maine, Maryland, Massachusetts, New Hampshire, New Jersey, Rhode Island, and Vermont) 
that are participating in Regional Greenliouse Gas Initiative (RGGI). This is the first mandatory, 
market-based cap and trade effort, in the country to reduce greenhouse gas pollution. RGGI caps 
and then will reduce C02 emissions from the power sector 10% by 201 8. 

The states distribute nearly all emission allowances through quarterly auctions rather than direct 
allocation and expects to invest the proceeds in areas like energy efficiency, renewable energy, 
and other public benefit programs. Similar to what S. 1733 is designed to do, RGGI is spurring 
innovation in the clean energy economy and creating ^een jobs. By reinvesting these proceeds 
back into the clean energy economy, consumers will directly benefit from reduced emissions and 
lower utility bills through installation of clean distributed generation and implemention of energy 
efficiency measures. 

In January of 2009, Governor Paterson announced one of the most ambitious clean energy goals 
in America. By 2015, New York will meet 30 percent of its electricity needs through clean 
renewable energy and 15 percent by reducing its demand for energy. We call this our “45 by 15” 
program. We estimate that meeting our 45 by 1 5 goal will create 50,000 new jobs for New 
Yorkers. Right now 21 percent of the state’s energy (4 percent on Long Island) comes from 
renewable energy sources. To reach this goal New York has invested to date more than $800 
million in energy efficiency and renewable energy resources, and New York is on pace to reach 
$1 billion in these investments in the coming year. 

At the end of this summer New York State released a draft energy plan for our state, This plan 
recognizes the benefits of investing in energy efficiency and renewable energy resources, while 
managing the impacts of these investments on energy consumers. It is critical that we make 
energy more affordable for New Yorkers, in a way that recognizes that we are moving towards a 
carbon-constrained economy. .It is anticipated that the plan will be final in December. 

Also at the end of the summer Governor Paterson issued an Executive Order setting a state goal 
of reducing gr-eenhouse gas pollution by 80 percent by 2050, and directed the heads of key State 
agencies, including LIPA, to develop a plan for how w'c can reach this ambitious goal. 
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This climate action plan will include a plan to help safeguard our people, wildlife, natural 
resources and communities from the climate changes that are regrettably inevitable. And the 
state’s climate team will also work with low income communities to ensure that the steps we take 
to reduce emission and to adapt to climate impacts will reflect the principles of Climate Justice. 

Most recently, on October 13, 2009 Governor Paterson enacted the Green Jobs Green New York 
Act, a new law that authorizes, using $112 million of funds provided through RGGl, a program 
to create green jobs and stimulate investment in weatherization and energy efficiency 
improvements for residential and commercial buildings. The Act authorizes the establishment of 
a.revolving loan and green jobs training programs to retrofit homes to conserve energy. The 
program will target middleclass homeowners and small businesses that will pay back the loan out 
of what they save on their energy bills. The job training component will focus on new entrants to 
the workforce and displaced workers. 

LIPA Energy Efficiency and Renewable Energy Programs 

LIPA has been at the forefront of combating climate change through significant investments in 
efficiency and renewable resources, LIPA has helped transform the regional economy, create 
clean energy jobs, and increase the use of solar and wind power for residences, businesses, 
municipalities, and schools. 

This year, I launched Efficiency Long Island. At $924 million over 10 years, it is one of the most 
ambitious energy efficiency programs for a public utility in the country. This program adds to the 
$355 million investment LIPA has already made in energy efficiency and renewable projects 
over the last 10 years, and is a key component to our 10-year energy master plan for Long Island. 
It is also one of LIPA’ s chief components in assisting New York State’s efforts to reduce electric 
consumption by 15% by 2015. 

LIP A is one of the top ten utilities in the country for solar programs. Our Solar Pioneer Program 
has helped install over 2000 solar roofs on Long Island and has rebated approximately $40 
million for solar panels, approximately 14 MWs. This program is about to become even more 
successful with the assistance of Senator Gillibrand, who ha,s preliminarily secured $500,000 in 
federal funding to boost the program. We are also about to construct the largest central- 
distributed solar systems in the United States. 50 mega watts of solar generation will be installed 
on Long Island, primarily at Brookhaven National Laboratory, which is a facility operated by the 
Department of Energy. 

While our solar programs are booming, LIPA has recently established a Backyard Wind Program 
for residential, business, and municipal customers, offering financial incentives and technical 
assistance for those seeking to harness power from the wind through the use of land-based wind 
turbines. 

In addition, with the help of a federal appropriation from Congressman Gary Ackerman, Lff A is 
studying the feasibility of a regional off-shore wind farm in partnership with the investor-owned 
utility Consolidated Edison and other state and city agencies that would be located 
approximately 13 miles south of the Rockaway Peninsula in the Atlantic Ocean. This project has 
the potential to provide between 350-750 MW with the opportunity to expand further, potentially 
making it the largest off-shore wind farm in the country. 
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Another way LIPA is ensuring that its customers can benefit and see lower bills during this 
transition is by using energy in a smarter way. With the help of a federal appropriation from 
Congressman Steve Israel and our own capital spending, LIPA has implemented a residential and 
commercial customer smart meter pilot program as the first step toward full-scale deployment. A 
total of 200 industrial, commercial, and residential LIPA customers in two separate pilot areas 
are cun'ently participating. Smart meters will allow home and business owners to monitor and 
reduce energy usage, which can increase reliability and encourage energy efficiency by 
facilitating smarter end-user technologies. And of course, LIPA has filed applications to the 
Department of Energy for stimulus funds for several smart grid projects. 

Clean Energy Jobs and American Power Act (S. 1733) 

Though the chairman’s mark of the bill was just released on October 23'“*, we have conducted an 
initial review of some of tire key changes and offer the following comments. (Other New York 
State energy and environmental officials may likely offer more substantial comments after a 
more thorough analysis of the Chairman’s mark is completed.) 

S. 1733 has the potential to secure oui- energy independence, create green jobs, and build a 21®' 
century clean energy economy for Long Island and the country while containing costs and 
providing workable timelines for emissions reductions. 

The Pol l ution Cut 

We are pleased that S,1 733 will establish key interim pollution reduction targets. In particular we 
support the 20 percent cut in 2005 greenhouse gas pollution levels by 2020. 

One lesson learned from RGGI is the importance of setting the initial cap and subsequent 
reductions at the proper level In 2005 modeling for the electricity sector did not take into 
account that we would be in the midst of the greatest economic crisis since the Great Depression. 
Since New York set its cap at the highest levels it is now 10 percent above where actual 
emissions are, The cap in the Senate Bill will avoid making the same mistake. 

Moratorium on state can and trade programs 

It is extremely helpful that S, 1733 allows state and regional cap and trade programs to continue 
if the federal auction is delayed past March 31, 201 1 which will prevent a gap in the programs. 
We are also pleased to see a specified funding program for state renewable programs. 

The states that are participating in RGGI should receive auction proceeds from the federal 
program at a level sufficient to continue the programs currently funded by RGGI auction 
proceeds. The RGGI states are funding productive clean energy programs with the proceeds from 
the sale of allowances. These programs have economic benefits that greatly exceed the dollars 
expended through creation of green jobs, reducing greenhouse gas emissions and the demand for 
RGGI allowances. If the RGGI states are not permitted to continue the RGGI programs, federal 
legislation should provide a replacement funding source from the auction of federal ailow'ances. 

We remain hopeful that S. 1733 will ultimately reflect the funding commitments made in the 
House American Clean Energy and Security' Act (H.R. 2454). 
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Allowance Allocations 

Any federal cap and trade program should auction allowances from the outset to: (1) establish a 
market price for carbon; (2) allocate allowances in a fair and equitable manner; and (3) promote 
returning the value of allowances to the public. RGGI has demonstrated the best method of 
distributing allowances is through auctions. The strategic use of allowances or allowance value 
can both stimulate the gi'een jobs that are vital to every state, as well as help to provide cost- 
containment to those businesses and citizens who will be affected by allowance prices. The more 
successful we are with next-generation technology investment, renewables, energy efficiency 
and other progi'ams currently being run by the states, the lower the cost of carbon for those in the 
market. 

Auction revenue can be used in a variety of ways to promote the goals of climate legislation 
through the promotion of energy efficiency and clean renewable energy; implementation of 
energy conscious state and local transportation and land use planning; implementation efforts 
that reduce vehicle miles travelled (VMT) and/or greenhouse gas emissions; and the 
development of low carbon technologies and policies. Auction revenues should also be invested 
with a goal of protecting low- and moderate-income citizens. 

State programs to deploy energy efficiency and renewable energy are critical to achieving 
emissions goals at the lowest cost and to creating green jobs, and a sustainable energy and 
economic future. All states should have the opportunity to implement clean energy programs 
funded by allowance value, but tlie fomula for allocation among the states should be based in 
part on the application of performance measures intended to maximize the benefit of state 
greenhouse gas emissions actions. For example, more allowances or auction revenues can be 
made available to states that have adopted state climate plans or programs that promote energy 
efficiency and clean energy and include elements such as decoupling, net metering and 
aggressive building standards. 

Though we are pleased with some of the modifications that S1733 makes with respect to the 
allocation of allowances in H.R. 2454, 1 would like to point out two areas of concern to the 
distribution of allowances and use of allowance value. First, the legislation provides for the free 
allocation of most allowances, rather than auctioning allowances and using allowance value for 
the public benefit. Second, by allocating a total of 35% of (he allowance value to the electricity 
industry and directing the use of allowance value toward reducing the impact of the program on 
the price of electricity, the legislation interferes with the price signals that should drive the 
transformation to the clean energy economy. At LIP A, we believe the best way of providing 
lasting relief from high electricity bills is to invest in energy efficiency. 

The allowance allocation to the electricity sector should clearly identify public power utilities as 
eligible to receive free allocations. Public power utilities generate renewable energy for 
customers, and provide energy efficiency serv'ices to customers throughout New York State. 
Public power utilities need to be dearly included in the allowance allocations provided to 
investor-owned utilities so that they, along with investor-owned utilities, can continue, to promote 
clean energy and energy efficiency. 

Finally, we suggest the allocation for energy efficiency and renewable energy investment be 
increased to 15% from 10%, rather than being reduced to 5% by 2020, as specified by S 1 733, 
especially in the face of increasing federal requirements resulting from climate change 
legislation. The nation will not be able to achieve the aggressive, science-based goals in the 
legislation without continued investment in energy efficiency, renewable energy and 
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transportation and lattd use policies that reduce the nation’s reliance on fossil fuels. Congress can 
contain costs and protect consumers by promoting investment in al! cost-effective energy 
efficiency, which would require investments that ramp-up to about $30 billion annually or 
approximately 26 percent of total allowances for efficiency alone. Cost-effective investments in 
renewable energy would require additional fiinding. Accordingly, we recommend that the 
allocation to the states for energy efficiency and renewable energy development and deployment 
be increased to the 15% level and remain at that level through 2020. 

Preservation of Authority 

We also note that the Chairman’s mark-up maintains EPA’s authority to regulate greenliouse gas 
pollution under the Cleair Air Act. The history of the Clean Air Act has demonstrated the value 
of a multi-faceted approach to reducing emissions of air pollutants, with various programs all 
serving a common goal of reducing emissions at the lowest cost. Preserving EPA’s autliority to 
regulate greejihouse gas emissions under the Clean Air Act will have the same beneficial effect. 

As S. 1733 is further shaped, LIPA supports your efforts to enact comprehensive climate change 
and energy' legislation while balancing that with the impact on consumers. At LIPA, we have 
been doing everything in our power to protect and provide value to our customers while pushing 
forw'ard on energy independence. 

If LIPA and New York can be an example, then the country can successfully join with us and 
other state partners to implement a cap and trade program. 

In New York we have over 40 communities, many from Long Island, that have taken the State’s 
“climate smart community pledge.” The Climate Smart Communities program outlines a 10- 
point plan to help guide communities in the reduction of greenhouse gas emissions and their 
adaptation to the changing climate. Climate Smart Communities have incorporated a variety of 
strategies in their greening programs, including: establishing baselines for emission reduction 
targets in municipal facilities, fleets and operations; promoting efficient technologies through 
use. 


Carbon Market De rivatives 


While LIPA is supportive of the overarching goals of S. 1733, we are also pleased to see that it 
does not include language found in H.R. 2454 - The American Clean Energy and Security Act in 
the House relating to friel derivatives. 

Inclusion of this provision in the final bill would impose mandatory clearing of over-the-counter 
transactions as well as requirements to force such transactions to be moved to an exchange, 
which would significantly increase costs for utilities seeking to manage risks througli over-the- 
coimter products, dramatically increase transaction costs and tie up needed cash at a time when 
tile cost of capital is high, access to capital markets is uncertain, and our industry needs to invest 
billions in new energy infi'astnicture because we have a 20*'’ century system that needs to be 
brought into the 21’* century world. 

For LIPA, institution of this requirement would increase the amount of cash collateral we post by 
approximately $450 million. It would cost us $22 million per yeai- which represents about .5% in 
our rates and potential bond ratings downgrades which would also increase our borrowing costs, 

I urge you to refrain from adding the House language S. 1733. 
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Conclusion 

I hope that we have provided valuable information on the great programs and policies that have 
been implemented in New York and Long Island, and that LIPA can serve as a model to other 
utilities throughout the country. I am eager to partner with the federal government to expand 
these great programs. Thank you for the opportunity to testify and I look forward to working 
with you on this legislation and other critical energy challenges facing our nation. 
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LIPA 

Ljsng Island Power Authority 


333 Eorte Ovington Bouievord, Suite 403 
Uniondoie, NY ] 1 553 
(516) 719-9898 • Fox (St 6) 396-5735 
k!aw@iipower,org 


Kevin S. Law 
President & Chief Executive Officer 


October 30, 2009 


U.S. Senator Bernard Sanders 

Senate Committee on Environment and Public Works 

410 Dirksen Senate Office Building 

Washington D.C„ 20510 

Attention; Heather Majors 

Dear Senator Sanders: 

I agree that energy efficiency offers tremendous value and can result in real 
savings for electric customers. As I testified to on Wednesday, October 28''', the Long 
Island Power Authority has a $924 million, ten year program for energy efficiency. We 
believe this is our next best resource and an opportunity for our customers to lower their 
bills. In response to your question, I agree that your committee should set flexible, cost- 
effective energy efficiency investment criteria for a portion of the allocation that is 
provided for free to electric LDCs under this legislation. 


Sincerely, 

Kevin S. Law 


Follow-Up Questions for Written Submission 
Senator Bernard Sanders: 

“We know in Vermont that energy efficiency has tremendous value, and even though 
Vermont is a leading state. Efficiency Vermont projects even greater efficiency savings 
in future years. Energy efficiency is a proven way to create jobs and save consumers 
money, while reducing emissions. Would you agree that this Committee should set 
flexible, cost-effective energy efficiency investment criteria for a portion of the allocation 
that is provided for free to electric LDCs under this legislation, just as this legislation 
does for the natural gas allocation?" 
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Senator Boxer. Well thank you so much, Mr. Law. There is a 
very can-do New York spirit there. 

Now, I want to make sure that I pronounce your name right. So 
is it Nathaniel Keohane? 

Mr. Keohane. Keohane. 

Senator Boxer. Oh, Keohane. See, I made you Hawaiian. 

Mr. Keohane. Exactly. I wish I were Hawaiian sometimes. 

[Laughter.] 

Senator Boxer. Keohane. KEOHANE. That is a challenge. 

Mr. Keohane is the Director of Economic Policy and Analysis at 
the Environmental Defense Eund. I want to welcome you and point 
out that EDE has heen such an important, pragmatic partner to all 
of us as we sat down with business, with labor, with environ- 
mentalists, with all of the stakeholders. You have been really a 
stand out, and I want to thank you. 

And Mr. Keohane is another majority witness. 

STATEMENT OF NATHANIEL O. KEOHANE, PH.D., DIRECTOR, 

ECONOMIC POLICY AND ANALYSIS, ENVIRONMENTAL DE- 
FENSE FUND 

Mr. Keohane. Thank you. Madam Chair, and thank you for your 
leadership on this critical issue. I am honored to be here today. 

Congress has an unprecedented opportunity right now to put the 
American economy on a strong footing for the 21st century. A cap 
on global warming pollution will ensure that we lead the world in 
the next generation of clean energy technologies. 

And the innovation and investment unleashed by a carbon cap 
will help jump start our economy today while paying rich dividends 
later in the form of cleaner air, enhanced energy security, and most 
of all a livable planet to pass on to our children and grandchildren. 

Now, in the process, a carbon cap will transform the public com- 
mons into a valuable asset. That asset is a public trust, and allo- 
cating its value wisely and equitably is a crucial test of any climate 
bill. This is the issue I would like to focus on today. 

My message is simple. Consumer protection is the bedrock prin- 
ciple of allowance allocation. By directing a substantial portion of 
allowance value to households through multiple channels, as I will 
explain. Congress can ensure that the program is easily affordable 
for American families. 

As part of that package, local utilities have an important role to 
play in helping to protect consumers. Congress should design the 
legislation to guarantee that households receive the full allowance 
value intended for them while preserving incentives for common 
sense investments in energy efficiency. 

So, as I said just now, the allowances created by a carbon cap 
represent a valuable public asset. A wise allocation of that asset 
should be guided by three core principles. First, invest in the tran- 
sition to a growing clean energy economy. Second, preserve and 
strengthen American manufacturing by preventing carbon leakage. 
And third, protect consumers. This is the bedrock principle. 

In allocating allowances, we should focus first and foremost on 
keeping the program affordable for American families. There is no 
single best way to do this, no one size fits all approach. Instead, 
we should use a variety of channels. Because low income house- 
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holds are vulnerable even to small changes in energy costs, those 
households should be fully protected. Because we all have a stake 
in solving climate change, a generous broad-based dividend to 
every American family must be part of the package. 

And because how electricity is generated varies widely in dif- 
ferent areas of the country, local utilities can provide a useful 
channel for directing allowance value to households in a way that 
accounts for regional variation. 

Let me spend a minute on the local utilities. The Kerry-Boxer 
bill, like legislation passed by the House, gives a large share of al- 
lowances to local distribution companies, or LDCs, for the benefit 
of their rate payers, including residential rate payers or house- 
holds. I will show why this approach makes sense. 

But first I want to underscore that in giving allowances to LDCs, 
the legislation should be absolutely clear that the value must flow 
to consumers. Safeguards to ensure this can include clear language 
specifying that consumers must receive the full value of allowances, 
requirements that LDCs publish detailed plans before receiving 
any allowance value, mandatory audits to ensure that those com- 
mitments are being met, and strong enforcement provisions. All of 
those provisions are included in the Kerry-Boxer legislation. 

At the same time, I would also say that care should be taken to 
ensure that the method of allocating allowance value does not 
dampen incentives to take advantage of cost effective, common 
sense ways to reduce energy use. This could be done with some- 
thing as simple as a monthly check made out to each household 
where the size of the check was the same regardless of the amount 
of energy consumed. 

Now, back to the rationale for having the LDC approach in the 
first place. Even as we look ahead to the new clean energy econ- 
omy, it is only fair to take into account our starting point, that is 
the current patterns of electricity generation that have arisen for 
geographical and historical reasons. In fact, as I show in my writ- 
ten testimony, electricity consumption is far and away the most 
significant source of regional variation in household level emis- 
sions. On the other hand, once you account for differences due to 
electricity, there is little regional variation from other sources. 

Those facts tell me three things. First, allocating allowances to 
LDCs makes sense as a way of smoothing out regional differences. 
Second, as we build a new low carbon energy infrastructure, these 
regional disparities will disappear, and the LDC allocation can be 
phased out accordingly. And third, we will need other mechanisms 
in addition to the LDC allocation, including dedicated auction rev- 
enue for low income households as well as a broad-based consumer 
dividend to every American family. 

Allowance allocation is sometimes caricatured as complex. But 
the bottom line is easy to grasp. By investing in the transition to 
a clean energy economy, preserving jobs, and above all, protecting 
American families, we can tackle climate change, achieve real en- 
ergy security and strengthen our economy. 

The House legislation provided an excellent start. Now it is time 
for the Senate to finish the job. 

Thanks for much. I look forward to your questions. 

[The prepared statement of Mr. Keohane follows:] 
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Testimony of Nathaniel O, Keohane, Ph.D. 
Director of Economic Policy and Analysis 
Environmental Defense Fund 
Before the 

Committee on Environment and Public Works 
United States Senate 

October 28, 2009 


INTRODUCTION AND OVERVIEW 

I am honored to be here today as this chamber addresses one of the most important aspects of 
one oi the most important areas of legislation any of us will get a chance to see in our lifetimes. 

Environmental Defense Fund is a leading national nonprofit organization representing more 
than 500,000 members. Since 1967, we have linked science, economics and law to create inno- 
vative, equitable and cost-effective solutions to society’s most urgent environmental problems. 

We have long championed market-based approaches to environmental issues, and helped design 
the highly successful acid-rain program created in the Clean Air Act Amendments of 1990. As 
Director of Economic Policy and Analysis, I oversee EDF’s economic analysis of climate change 
policy and help to shape our advocacy. Before coming to EDF in 2007, 1 was an Associate 
Professor of Economics at the Yale School of Management, where I taught for six years. I have, 
published a number of peer-reviewed academic articles on a range of subjects in environmental 
economics, and have authored or edited books on market-based environmental policy and the 
economics of environmental law. 

Congress has an unprecedented opporninity right now — in these next few months — to put the 
American economy on a strong footing for the twenty-first centuiy. Earlier this year, the Plouse 
of Representative,s took a crucial first step, passing comprehensive climate and energ)' legislation 
(H.R. 2454). Now it’s the Senate’s turn. 

The centerpiece of climate legislation will be a mandatory and declining cap on carbon. A 
carbon cap will harness the efforts of entrepreneurs and innovators throughout our economy — 
ensuring that America will lead the world in making the next generation of clean-energy 
technologies. And the investment unleashed by a carbon cap will help iump-start our economy 
today, while paying rich dividends later — in the form of cleaner air, enhanced energy security, 
and most of all a livable planet to pass on to our children and grandchildren. 


In the process, a carbon cap will transform a portion of the public commons into a valuable asset. 
I hat asset is a public trust, and allocating its value wisely and equitably is a crucial test of any 
climate bill. 
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In my testimony today, 1 will offer my perspective — as an economist and public policy expert — 
on how that test can be met in a way that strengthens our economy. The principles arc 
straightforward: Invest in the transition to a new, growing clean-energy economy. Prevent 
carbon leakage while preserc'ing American jobs. And above all, protect consumers. After 
presenting these guidelines, I briefly review how allowances are allocated in the legislation 
proposed by Senators Keriy and Boxer (S.1733), as amended in the Chairman’s Mark released 
last week. 

The bulk of my testimony focuses on the allocation of allowance value to households. Under 
S.1733, households would receive allowances Ua three channels: (1) allovvances given to local 
electricity and natural gas utilities for the benefit of residential ratepayers; (2) auction revenue 
dedicated to folly compensate low-income households for any increases in energy costs; and (3) 
auction revenue used to fond a broad-based consumer dividend. Through these three channels, 
households would receive folly 43% of the available allowance value over the lifetime of the 
program — adding up to hundreds of billions of dollars in present value going to American 
tamiiies. 

This muiti-pronged approach to protecting consumers makes a great deal of sense. Because low- 
income households are vulnerable even to small changes in energy costs, they should be fully 
protected. Because we all have a stake in solving climate change, a generous broad-based 
consumer dividend must be part of the package. And because how electricity is generated varies 
widely in different areas of the country', using load utilities as a channel for allocating allowance 
value is a natural and straightforward means of accounting for regional variations. 

I close by discussing how the allocation of allowances to local distribution companies, or LDCs, 
can be crafted to ensure that consumers benefit. First, legislation must leave no doubt that the 
value of allowances given to LDCs will translate into benefits for consumers, and must back up 
that commitment with strong monitoring and enforcement provisions. Second, legislation 
should guard against undue economic gains for industrial users. Third, the LDC allocation 
should be distributed to consumers in a way that keeps electricity' and natural gas bills low, while 
preseiving economic incentives for energy’ efficiency and conservation. 

PRINCIPLES TO GUIDE ALLOWANCE ALLOCATION 

Here are three broad guidelines for allowance allocation. 

T Invest in t he transition to a growing clean-energy econ omy. Allowance value can 
provide additional incentives to accelerate the deployment and development of 
new technologies, ewercoming market failures that hinder the adoption of: energy'- 
efficient technologies and limit the returns to research and development. In the 
agricultural sector, allowance value can not only help farmers manage the 
transition, but can also give them a leg up in ticking advantage of the tremendous 
economic opportunity' provided by' the market for offset credits. And because 
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some climate change is inevitable, allowance value can also be invested in 
adaptation — enhancing the resilienc)'- of human and ecological communities and 
helping them cope with a changing climate, 

2. Preserve and strengthen American manufacturing by preventing carbon leakage . 
Particularly in the early years of a cap-and-trade program, allowance value can 
help manufacturing industries make a transition to a low-carbon economy while 
remaining hilly engaged in global markets for their products. Carehilly designed 
policies will prevent emissions leak^e to uncapped countries, safeguarding the 
environmental integrity of the cap while and strengthening American businesses 
and workers. Allowance value should be distributed in a way that presen'es 
incentives tor cost-effective abatement and avoids windfall profits. 

3, Protect consumers . Consumer protection is the bedrock principle of allowance 
allocation. A substantial portion of the allowance value should be directed to 
households. Moreover, by using multiple allocation channels, Congress can 
achieve multiple goals: providing targeted assistance to low-income consumers; 
fairly reflecting geographic differences in how energy is generated, in order to 
protect households, farmers, and small businesses; and at the same time providing 
broad coverage to American families. The integrity and credibility of the program 
must also be preserved. Allowances allocated for the benefit of consumers must 
be accompanied by strong safeguards to ensure that consumers receive the value. 

In sum: Consumers, jobs, and the transition to a clean-energy economy are the guideposts. 
These principles are consistent with the Blueprint for Legislative Action put forward by the US 
Climate Action Partnership, a coalition of businesses and environmental groups of which EDF is 
proud to be a founding member. 

Auction vs. free allocation is less important than it seems 

Note that I have not said an)i:hing about the fraction of the allowances that is auctioned rather 
than given away. That may he surprising, because there has been a good deal of concern in the 
media and elsewhere about the supposed drawbacks of free allocation. 

Despite all the attention it has received, the split between auctioning permits and giving them 
away turns out to be a red herring. P’rom an environmental point of view, the allocation of 
allowances doesn’t have any hearing on the emissions reductions that are achieved. And from an 
economic point of view, the distinction between auctioning and freely allocating allowances 
matters much less than how the value of those allowances is distributed. 

First, let’s consider the environmental performance of the program. It’s pretty obvious that the 
atmosphere doesn’t care whether the allowances are auctioned off or given away. From an 
environmental perspective, all that matters is the cumulative emissions into the atmosphere. 
That’s the job of the cap, which ensures that we achieve the reductions scientists tell us we need. 
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In feet, as I noted above, a wise allocation of allowances can even enhance the environmental 
outcomes achieved by the legislation — by preventing emissions leakage, driving technological 
innovation and deployment, jumpstarting emissions reductions on farms and forests, and helping 
communities adapt to climate change. 

Perhaps more surprisingly, the economic performance of the program also does not hinge on 
whether the allowances are auctioned or freely allocated. Under a cap-and-trade program, the 
economic incentive to reduce pollution comes from the price ot allowances — which will be 
determined by the cap, not by how allowances are distributed. In the jargon of economics, there 
is an opportunity cost associated with holding allowances, regardless of whether a firm got those 
allowances for free or had to buy them from the government. 

Because the value of allowances is independent of how they are distributed, so is the incentive to 
reduce pollution. In fact, as a general rale, whether allowances are auctioned off or freely 
allocated will not have any impact on the cost-effectiveness of the program.' 

If the auction versus allocation split doesn’t matter for the environmental performance of the bill, 
and it doesn’t affect the economic incentives, surely it matters for distribution? Wrong again. 
Distributional impacts depend on who gets the value of the permits — not rvhether they are sold 
at auction or not. After all, being given permits worth SIOOO is no different than receiving 
.SIOOO in auction revenue. 

In sum, it matters little whether the value of allowances is distributed directly (through free 
allocation) or in the form of auction revenue. As T will discuss below, how the allowance value is 
distributed does play an important role. But first, let me review the approach to allocation in the 
proposed legislation. 


THE APPROACH IN THE PROPOSED LEGISLATION 

One of the common criticisms of the House-passed bill, which we are sure to hear applied to the 
Senate legislation, is that it supposedly gives away most of the allowances for free - the 
implication being that they are given to “big emitters who don’t need them.” In fact, that 
conventional wisdom gets the stoiy' almost entirely backwards. 


' This result is a standard tenet of economic theot)’, going back to Ronald Coasc's seminal article in 1961. A more 
recent body of work in the environmental economics literature shows that using rcvei'.ue iiom allowance auctions to 
reduce marginal tax rates on labor or capital can provide a boost to overall economic cfficicn.t Howtet-, .liu cult 
hinges on the (oe of allowance value to reduce pre-existing fixes, not the mere fact that allow an, c- .in .maiom.l 
Hence it is entirely consistent with my basic argument: what matters is how the value of allowantcs is Jismbatc,., 
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Over the life of the program, the cumulative value of available allowances under S.1733 would be 
distributed as follows: ' 

• Households: 43% 

Channeled to consumers through allocations to LDCs; an energy refund program for 
low-income households; and a broad-based consumer dividend. 

• Small businesses: 8% 

Distributed by electricity and natural gas LDCs to commercial ratepayers. 

• Public purposes: 25% 

P'unding for public purposes such as worker training, technical assistance to firmers, 
clean energ)' research and development, and the protection of vulnerable ecosystems. 

• Industrie 24% 

Most ol this category goes to energy-intensive trade-exposed industries, to prevent 
carbon leakage and ensure a level playing field for U.S. businesses and workers. Other 
industries will receive smaller allocations to offset compliance costs. These allocations 
would phase out almost entirely by 2030. 

When you add it all up, 76 percent of allowance value would go to households, small business, 
and public purj^oses (see Figure 1). This breakdown is very similar to that in H.R. 2454. 



HOUSEHOLDS 

(Consumer rebate) 
18% 


Figure 1: Allocation of available allowance value under S.1733. Source: Author's calculations. 


All allocation percentages refer to the percentage of available allowances, defined as the number of allowances 
available for distribution after subtracting ofhthe allowances withheld for the Market Stability Resenv (§726) and 
directed to the rreasury for deficit reduction. 
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FOCUSING ON HOUSEHOLDS 

The bedrock of allowaace allocation is consumer protection. All of us have a common stake in 
sound and effective climate legislation. And while there has been a good deal of discussion about 
“cost containment” in climate legislation, the simplest and best way to contain costs for 
American families is to return a significant proportion of allowance value to them. 

How 5.1733 directs value to consumers 

S.1733 channels ailowance value directly to households in three ways. First, to address regional 
disparities in how electricity is generated, roughly 39 percent of available allowances in the first 
phase of the program (2012-2030) will go to local distribution companies (LDCs) that deliver 
electricity'' and natural gas to residences, commercial businesses, farmers, and manufacturers. 

Households would receive allowances according to the residential share of the electricity and 
natural gas distributed. LDCs are regulated by state commissions, and the value of allowances 
would have to benefit energy consumers. Wliat’s more, as I describe in more detail below, the 
legislation includes clear and stringent provisions requiring LDCs to demonstrate how they will 
pass the value on to consumers before they can receive a single allowance. 

Second, S,1733 sets aside IS percent of allowances to be auctioned off, with the revenues to fund 
an energy refund program for low- and moderate-income households. This is crucially 
important, as low-income households in partiailar are least able to weather even small and 
temporaiy increases in energy prices. The Center for Budget and Policy Priorities, a think-tank 
that focuses on poverty alleviation, has estimated that a similar 15 percent allocation in the 
Hoinse-passed bill, in conjunction with other provisions (such as the LDC allocation), will be 
sufficient to fully c ompe nsate the poorest one-fifth of households for costs related to energy 
prices that may affect them. 

Third, most of the allowances in the later years of the program would be returned to all 
households through a broad-based consumer rebate. Over the life of the program this amounts 
to nearly one-fifth of available allowance value — the biggest single categoiy of allowance 
allocation in the legislation. 

It’s easy to get lost in all the percentages. But in a sense the true test of allowance allocation boils 
down to just one number: the estimated cost to American households. 

.Analysts at the Environmental Protection Agency have looked closely at the diflerences between 
5.1713 and the House-passed legislation, concluding that on balance “the differences between 
the bills result in relatively small differences in estimated costs atid may even cancel each other 
out on net.”' In short, the conclusions from the EPA’s analysis of the House-passed legislation 
remain relevant. That analysis used trvo of the most highly respected, peer-reviewed economic 


' U.S. Environnicreal Protection Agencre ‘'Economic Impacts of S.1733: Fhc Clean Energy Job.s and American 
Power Act of 2009." October 23, 2009, p. 2. 
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models available. It looked only at the costs of reducing emissions, and ignored the benefits 
from averting the catastrophic consequences of unchecked climate change, not to mention 
cleaner air and greater energy security. 

Even just looking at the cost side of the ledger, EPA’s analysis of the House-passed bill projected 
that over the entire life of the bill, the annual cost to the average household wiU be just S80 to 
Sill (in present value). That is just 22 to 30 cents a day for the average American family. The 
same conclusion was reached independently by the Energy Information Administration (the 
statistical arm of the Department of Energy) and the Congressional Budget Office. In its 
analysis ol H.R.24S4, EIA estimated the average annual household cost to be just S83, while 
CBO’s figure for the year 2020 was S160 ($93 in present value), flach of these estimates works 
out to be less than the cost of a postage stamp per day per household. 

The value of a multi-pronged approach 

As discussed above, the proposed legislation envisions multiple channels to direct allowance 
value to households. That’s important, because households differ along a number of dimensions 
(in particular geography and income), and multiple channels protdde a way to address these 
dimensions separately. 

First, allocating a portion of the allowance value to low-income consumers can address concerns 
about the impact of higher energy prices on those people who are least able to respond. While 
the overall impacts will be veiy slight — recall the consensus estimates of less than the cost of a 
postage stamp a day for the average household — even that amount can be a stretch for 
consumers who are already struggling to afford basic food and shelter. As noted above, setting 
aside 15% of allowances is sufficient (in conjunction with the LDC allocations) to make low- 
income households whole. In fact, an analysis by the Congressional Budget Office estimates 
that low-income households will see a net gain from the allocation provisions — receiving more 
in the way of allowance value than they will face in terms ol increased energy expenditures. 

Second, a broad-based consumer dividend provides a natural way to compensate consumers for 
increases in energy costs that do not vary by region, such as transportation fuels. Such a 
consumer rebate also captures the fundamental reality that the value of the carbon cap is a public 
asset, and one that should be used as much as possible for the common good. 

Finally, giving a portion of allowances to local electric and gas utilities for the benefit of 
customers can address geographic disparities. This is particularly trae for the electric power 
sector, since a price on carbon will have different impacts on different areas of the couutiyr, 
depending on the tyjies of fuel used to generate electricity. Even as we look ahead to a new 
clean-energy economy it is only fair to take into account our starting point — current patterns of 
electricity generation that have emerged over time, for geographical and historical reasons 
unrelated to the challenge of solving climate change. As we build a new low-carbon energy 
infrastnicture, these disparities will disappear, and the LDC allocation can be phased out 
accordingly. 
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I want to be careful not to exaggerate the extent of regional variation in carbon dioxide 
emissions. On the contTar}'-^ total household emissions vary much less across regions than is 
commonly assumed. As Figure 2 shows, COj emissions from households in different regions are 
grouped around the national average, with the highest and lowest emitting regions of the country 
less than 15% (5 tons) above and below the national average. Moreover, the largest single source 
of household emissions is the indirect emissions associated with the production of non-energy- 
related goods and services — a category that does not vary by region. 

Nonetheless, it is also the case that to extent household emissions do var)^ among regions, the 
differences are largely due to electric power generation. This conclusion — evident in the chart 
below — is made even clearer by Figure 3, on the next page. 
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Figure 2: Household carbon dioxide emissions by region. Source: Author’s calculations based on data in 
Dallas Burtraw, Richard Sweeney, and Margaret Walls. "The incidence of U.S. Climate Policy," RFF 
Discussion Paper Q9-17“REV (June 2009!. 
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Figure 3: Regional variation in household direct emissions by region and fuel type, Bars represent 
deviations from national averages; the vertical scale is constant across the four graphs. Source'. Author’s 
calculations based on data in Dallas Burtraw. Richard Sweeney, and Margaret Walls, "The incidence of 
U.5. Climate Policy." RFF Discussion Paper 09'17-REV (June 2009). 


Each panel in Figure 3 presents regional variation in liousehold CO^ emissions from a single fuel 
type, measured as a deviation from the national average. '^Phe vertical scale is constant across the 
four panels for ease of comparison. As the figure shows, electricity is by fir the most significant 
source of regional variation in emissions. 

Taken together. Figures 2 and 3 offer powerfi.il support for a multj-pronged approach to 
allocating allowances to households. On the one hand, Figure 3 shows that there is significant 
regional variation in emissions from electric power generation - underscoring the importance of 
channeling .some household allowance value via local utilities. On the other hand, both charts 
suggest that once electriciu^ generation is accounted for, there is little remaining variation among 
regions - suggesting that a broad-based dividend is appropriate, in combination with a targeted 
allocation for low-income households. 


9 



389 


KEY DESIGN ISSUES IN THE ALLOCATION OF ALLOWANCES TO LDCS 

Three design issues are crucial in channeling allowance value to households via local utilities. 
First, Congress must ensure that consumers receive the value of those allowances. Second, 
Congress should take steps to prevent industrial users from receiving undue economic gains. 
Third, Congress should do its utmost to direct local utilities (and the state commissions that 
regulate them) to distribute the allowance value in a way that cushions households against higher 
electricity costs while presercdng incentives for energy conservation and greater energ}' efficiency. 

Ensuring that consumers receive the value of allowances 

The rationale 1 have laid out for giving allowances to local utilities depends crucially on the full 
value of those allowances being passed on to consumers in the form of lower utility bills. That 
cannot be left to chance: it must be guaranteed in the legislation. 

'The language in S.l 733 addresses this issue in several ways. In particular, the legislation: 

• requires that local electric distribution companies “shall pass through to residential retail 
ratepayers as a class their ratable share ... of the value of emission allowances that reduce 
electricity cost impacts on such ratepayers” (§772(b)(5)(D) in the Clean Air Act as 
amended by Division B, Title I, Subtitle A, section 101 of S.1733); 

• directs the EPA Administrator to prescribe guidelines for LDC allocation that include 
requirements for LDCs to pass on the full value of allowances, along with measurement, 
verification, and reporting requirements (§772(b)(S)(E)); 

• makes the allowance allocation to an LDC contingent upon the completion and periodic 
updating, by the state commission or other regulatory body, of a public rulemaking 
process incorporating these requirements, along with a published report (§772(b)(6)); 

• requires LDCs to submit plans for the use of allowance value along with annual reports 
detailing the actual disposition of allowances (§772(b)(7))', 

• mandates annual auditing by the EPA Administrator to ensure that allowance value is 
used for the benefit of ratepayers, along with periodic (triyearly) in-depth reports by the 
General Accounting Office and the Administrator evaluating the use of allowance value 
and the effectiveness of the program in containing costs (§772(l))(8)); 

• specifies that a violation of any of these requirements is a violation of the Act and is 
subject to enforcement (§772(b)(9)). 

Similar language is included in §773 of the bill with regard to natural gas local distribution 
companies. 
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Preventing double-counting and undue economic gains for industrial users 

My testimony has focused on the allocation of allowance value to households. Of course, some 
fraction of allowance value may be allocated directly to firms in the industrial sector. One 
prominent example in the proposed legislation is the output-based rebates for trade-exposed 
industries, designed to prevent carbon leakage and level the playing field for American workers 
and manufacturers. Another example pertains to the LDC allocations: industrial ratepayers 
would receive their ratable share of the allowance value under S.1733 (as is also the case under 
H.R. 2454). 

Allocating allowance value to industrial sources can play an important role in smoothing and 
accelerating the transition to a clean-energy economy. Nonetheless, the ultimate purpose of 
allowance allocation should be to protect American families, both by cushioning consumers 
against increases in the cost of goods and services and by preserving American jobs. Any 
allocation to industrial entities should take that ultimate purpose into account, and ensure that 
shareholders do not capture undue economic gains. 

Two concrete approaches can help in these tasks. First, since the number of allowances is 
limited, it makes sense to ensure that allocations to industry are tailored as closely as possible to 
the underlying need. In the case of LDC allocations, a potential concern is emissions due to the 
electricity that is consumed by energv'-intensive trade-exposed (EITE) industries. If allowances 
are given to LDCs for the electricity^ they distribute and to manufacturers for the electricity they 
consume, the potential for double-counting arises. While S.1733 includes language designed to 
prevent double-counting, the most straightforward solution would be to include both direct and 
indirect emissions as part of the EITE allocation — while focusing the LDC allocation on 
households and small businesses. Congress should also use the best available data on emissions 
and manufacturing output in determining the appropriate EITE allocation — and should direct 
the EPA Administrator to do die same when implementing it. 

Second, in providing allowance value to firms (including via LDCs), Congress should recognize 
the wide disparity in the ability of firms in different sectors to pass along their costs to 
con.sumers. The relevant task here is to determine what economists call the “cost pass-through 
rate,” defined as the fraction of an increase in input costs that a firm can pass on to its customers. 
When cost pass-through rates are high, there is less need (or justification) for giving allowances 
to firms. Instead, in such instances the value of allowances should be given to the end 
consumers, who will ultimately bear their cost. 

In turn, the cost pass-through rate depends on standard economic measures of price sensitivity^ 
— what economists call the elasticity of demand and supply. When demand is less elastic than 
supply — that is, when consumers respond less readily to price changes than producers do — the 
cost pass-through rate will be high. This will be the case, for example, when few substitutes are 
available for a product. The degree of competition among producers also plays a role. 
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Evidence on cost pass-through rates varies, but studies have generally tound them to be near 
100% for many consumer goods. (The Congressional Budget Office, for example, tt'picaUy 
assumes full cost pass-through in its analyses of legislation.) Of course, for particular industries 
the cost pass-through rate may be substantially lower. 

It is important to note that the degree of pass-through applies to changes in costs at the margin - 
that is, costs that depend on how much a firm produces. An important implication is that even 
if firms receive “lump sum" compensation (e.g., a check for their share of allowance value that is 
not tied to electricity' consumption), they will still tend to pass on the cost of allowances to their 
own customers — creating the potential for undue economic gains, or “windfall profits.” 

To address these concerns, Congress could follow the same approach as in the provisions of 
S. 173.3 dealing with allocations to merchant coal generators - namely, requiring a study to be 
carried out determining the allocation has resulted in windfall profits, along with a requirement 
that allocations be adjusted if necessary' (cf. §772(c)(S)). 

Preserving incentives for investments in energy efficiency 

Care must -also be taken to ensure that the method of allocating allowances does not dampen the 
incentives to take advantage of cost-effective, common-sense way's to reduce energy use. The 
LDC allocation should be passed -along to consumers in a way that preseives the price signal 
from the carbon cap, while compensating them directly for any increase in price. 

The most straightforward way to achieve this would be to dit-ide up the residential share of 
allowances equally among households, and send each household a check for that amount every 
month or quarter. 

Of course, this is not the only possible approach. Increased energy efficiency also reduces 
I'lousehokl expenditures, by lowering consumption. Utilities could be given the latitude to invest 
allowance value in demand-side energy efficiency programs — provided that they can 
demonstrate that those programs are cost-effective and result in real reductions in household 
bills. 

S.1733 pirohibits distribution of allowance value “based solely on the quantity of electricity 
delivered” to a given ratepayer and expresses a preference “to the micximum practicable for fixed 
credits or rebates (§772(b)(.5)(C)). The importance of the price signal is also enshrined in the 


■ !n the case of commercial and particularly industrial users, w,ho vary greatly in si't.e, the appropriate amount might 
vary among categories of users, or might be tied to the average energy use of similar customers. But the principle 
remains the same: the amount of the rebate to any individual customer should not depend on the actual amount of 
energy' consumed. This is particular important in the case of industrial users, svho generally face much greatcr 
opportunitics for cost-effective cnerg)' efficiency and therefore have more “elastic” (price-sensitive) demand for 
energy. On the other hand, as already pointed out, lump-sum compensation to industrial users can result in windfall 
'gains. Cong.mss should pay careful attention to these issues in order to preserve me incentives tor energy' efficiency 
while avoiding imparting undue economic gams to mduscry'. 
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annual auditing provision, which directs the EPA Administrator to “assess the degree to which 
electric local distribution companies have maintained a marginal price signal while protecting 
consumers on total cost using the value of emissions allowances” (§772(b)(8)(A)). Even so, 
greater guidance may be needed to further clarify the meaning of “consumer benefit,” to presence 
the price signal while compensating consumers, and to express a preference for the 
straightforward and simple approach of sending households a check. 


CONCLUSION 

Allowance allocation is sometimes caricatured as complex, but the basic principles are easy to 
grasp. Invest in a new, growing, clean-energy economy. Prevent carbon leakage while presemng 
American jobs. And above all, protect consumers, by ensuring that a significant portion of 
allowance value is returned to households. Focusing on these principles can produce lasting 
legislation that tackles climate change, provides real energy security, and strengthens the 
American economy. The House legislation provides an excellent start. Now it’s time to finish 
the job. 
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Environment and Public Works Committee Hearing 
October 28, 2009 

Follow-Up Questions for Written Submission 


Responses of Dr. Nathaniel Keohane, Director of Economic Policy and Analysis, 
Environmental Defense Fund 

Question from Senator Bernard Sanders: 

We know in Vermont that energy efficiency has tremendous value, and even though 
Vermont is a leading state, Efficiency Vermont projects even greater efficiency savings in 
juture years. Energy efficiency is a proven way to create jobs and .save consumers money, 
while reducing emissions. Would you agree that this Committee should set flexible, cost- 
effective energy efficiency investment criteria for a portion of the allocation that is 
provided for free to electric LDC's under this legislation, just as this legislation does for 
the natural gas allocation? 

Vermont is indeed doing a great deal to implement successful energy efficiency programs 
which both save energy and reduce costs. In fact, the American Council for an Energy 
Efficient Economy (ACEEE) recently ranked Vermont sixth in its list of leading U.S. 
states doing the most to implement energy effieiency in its 2009 State Energy Efficiency 
Scorecard report.' Energy efficiency can be an invaluable resource as we strive to 
achieve our emissions reduction targets and reduce costs for consumers. 

As I discussed in both my written and oral testimony, the bedrock principle in allocating 
allowance value is consumer protection. This is also the main rationale for the allowance 
allocation to local distribution companies (LDCs) that is included in the Kerry-Boxer bill. 
This allocation should be passed along to consumers in a way that preserves the price 
signal from the carbon cap, while compensating them directly for any increase in price. 
The most straightforward way to achieve this would be to divide up the residential share 
of allowances equally among households, and send each household a check for that 
amount every month or quarter. 

However, another potential approach, as you suggest, would be to use a share of the LDC 
allocation for investment in energy efficiency programs — for example, programs to fund 
household rebates for purchases of energy-efficient appliances, or to provide subsidies for 
weatherproofing. Well-designed programs can lower household bills by reducing energy 
consumption, without affecting the services that energy provides (such as heating and 
cooling). 

If Congress chooses to follow this approach, two issues should be kept in mind. First, the 
benefits of greater energy efficiency vary across households according to income, home 
ownership status, and dwelling type. Low-income families, for example, are likely to 


' ACEEE’s 2009 State Energy Efficiency Scorecard report can be found here: 
http://wvm.aceee.org/pubs/e097,htm 
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benefit less from energy-efficiency measures while having a relatively high value for 
direct compensation (in the form of a rebate check). Renters may not own their 
appliances or be able to carry out weatherproofing. And apartment dwellers, like myself, 
may not have the opportunity to carry out exterior weatherproofing or to install more 
energy-efficient heating and cooling systems. 

Second, if allowance value is to be used to fund energy efficiency programs, those 
programs must be demonstrated to reduce household utility bills by an amount equivalent 
to (or greater that) the allowance value dedicated to them. 

Taken together, these two issues — the variation among households, and the importance of 
demonstrating cost savings to consumers — suggest that Congress should avoid mandating 
that any particular percentage of allowance value be spent on energy efficiency. Instead, 
Congress should give local utilities (and the public utility commissions that oversee 
them) the latitude to decide how whether to return the allowance value directly to 
consumers, or to use that value to fund energy efficiency programs that meet the criteria 
above. 


Question from Senator James M. Jnhofe: 

If consumers receive subsidies to offset higher electricity prices that necessarily will arise 
from cap-and-trade legislation, would that undercut the point of cap-and-trade, which is 
to force change from fossil fuels to low- or no-carbon fuels? 

The short answer is “no.” As I explain in my testimony, and as numerous other 
economists have argued in other forums, the allocation to consumers can be designed to 
protect them against higher energy costs while preserving the marginal price signal that 
will reward common-sense investments in energy efficiency and conservation.^ 

At a broader level, this question gets right to the heart of why cap-and-trade is the most 
effective form of climate policy— from both an economic and environmental standpoint. 
The cap — the mandated decreasing allowable emissions over the life of the program- 
guarantees the environmental benefits, regardless of how allowance value is allocated. 
The price signal generated by the cap-and-trade program is what will drive innovation 
and investment in low and/or zero carbon technologies. 

In addition to ensuring that we achieve this environmental benefit, a cap-and-trade 
program allows for the flexibility to distribute allowance value in a way that protects 
consumers and provides compensation for increased costs due to the program. In this 
way, we can maintain consumer purchasing power, ensuring that our economy will 


^ See, for example, the arguments made by Professor Robert N. Stavins of Harvard University in his blog 
post of October 22, available at http://belfercenter.ksg.harvard.edu/analvsis/stavins : and the testimony of 
Professor Gilbert Metcalf of Tufts University, presented to the Senate Committee on Energy and Natural 
Resources, October 21,2009. 
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continue to grow robustly, while simultaneously achieving our emission reduction 
targets. 

If we look at the electricity sector specifically, the allocation provision included in both 
the House bill and the Boxer-Kerry bill distributes allowance value to local distribution 
companies (LDCs) which are required to pass on this value to their consumers. Although 
the cap ensures the emission reductions outlined in the bill, it remains important to 
preserve the price signal to consumers in order to encourage changes in behavior such as 
increased energy efficiency and conservation. As I outlined in my written testimony, 
care must be taken to ensure that the method of allocating allowances does not dampen 
the incentives to take advantage of cost-effective, common-sense ways to reduce energy 
use. The LDC allocation should be passed along to consumers in a way that preserves the 
price signal from the carbon cap, while compensating them directly for any increase in 
price. The most straightforward way to achieve this would be to divide up the residential 
share of allowances equally among households, and send each household a check for that 
amount every month or quarter. Other approaches might include giving utilities the 
latitude to invest allowance value in demand-side energy efficiency programs, provided 
that they can demonstrate that those programs are cost-effective and result in real 
reductions in household bills. 

Again, cap-and-trade allows for the flexibility to simultaneously provide incentives 
through the cap to drive new clean energy technologies which will enable us to achieve 
our emission reduction targets, while also providing the means to protect consumers 
through the allocation of allowance value. 
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Senator Boxer. Thank you very much. 

OK, our next majority witness, and our last majority witness on 
this panel, Joel Bluestein, President, Energy and Environmental 
Analysis Incorporated, ICE International. 

Welcome, sir. 

STATEMENT OF JOEL BLUESTEIN, SENIOR VICE PRESIDENT, 
ICE INTERNATIONAL 

Mr. Bluestein. Thank you very much. 

Good afternoon. My name is Joel Bluestein. I am a Senior Vice 
President at ICE International. 

We became part of ICE International almost 3 years ago. ICE is 
a consulting firm headquartered in Fairfax, Virginia, that provides 
objective technical analysis to public and private sector clients in- 
cluding U.S. Government agencies, but does not take advocacy posi- 
tions on these topics. 

I am happy to be here today to discuss the potential role of nat- 
ural gas in addressing greenhouse gas emissions. 

Many people expect that natural gas will play an important role 
in achieving greenhouse gas reduction. This is not surprising since 
natural gas has the lowest carbon content of all fossil fuels. It can 
be used in very efficient technologies, and it can be used effectively 
in power generation, transportation and direct in-use applications. 

At the same time, there is concern for some that gas could play 
too large a role, that a massive dash to gas will occur in the electric 
power sector and that North American gas supply is too limited to 
support this increased gas consumption. 

My two messages are, one, the recoverable U.S. natural gas re- 
source is understood today to be much larger than ever before, and 
two, a variety of projections show that natural gas can play a sig- 
nificant role as part of a greenhouse gas mitigation strategy with- 
out causing economic upheaval and hardship. 

As a point of reference for the estimates of the natural gas re- 
source, U.S. consumption of natural gas has been in the range of 
22 trillion to 23 trillion cubic feet per year for the last 12 to 15 
years. The most recent estimate of the U.S. natural gas resource 
is this year’s report of the Potential Gas Committee, a nonprofit 
independently governed entity associated with the Colorado School 
of Mines. 

The PGC’s most recent report, the 2008 assessment released in 
June 2009, estimates that the total U.S. natural gas resource base, 
at the end of 2008, was 2,074 trillion cubic feet, more than 36 per- 
cent higher than the 2006 estimate. This total reflects the highest 
level in the committee’s 44-year history and represents about 90 
years of supply at current consumption levels. 

The big change in this new assessment is a greatly increased 
evaluation of the shale gas resource largely due to the development 
and application of new drilling and production techniques. These 
advances have allowed shale gas to evolve from a small component 
of the gas resource to the major gas component. The Barnett shale 
formation near, and actually underneath. Fort Worth, Texas, by 
itself currently accounts for approximately 10 percent of U.S. nat- 
ural gas production. 
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The increased supply from these resources has fundamentally 
changed the supply demand balance for natural gas in North 
America. 

Turning to the role of natural gas in greenhouse gas reduction, 
interestingly the base case modeling performed by the U.S. EPA 
and EIA, of the Waxman-Markey bill, and by extension, of the 
Kerry-Boxer bill, does not show a dash to gas. These projections 
show gas use flat or slightly declining even in the power sector. 

The key drivers of these results are very low energy demand 
growth, very high reliance on offsets, and higher reliance on new 
low emitting technologies such as renewables, nuclear, and coal 
with carbon capture and storage. 

Under these conditions, there will be limited demand for gas. 
However, most analysts expect that the supply of offsets will be 
significantly less than the maximum allowed under the bills and 
that some of the technologies may be slow to reach wide applica- 
tion. 

The EIA has run a scenario with no international offsets and no 
new nuclear or CCS technology which results in a 15 percent in- 
crease in gas consumption in 2020 and a 25 percent increase in 
2030. Even with this significant increase in natural gas consump- 
tion, the well head price of gas increases by $1 per million BTU 
in 2020, and actually does not increase from the base case in 2030. 

So, even a significant increase in gas consumption does not result 
in a major increase in the long-term price of gas. Moreover, these 
cases do not include the most recent data on expanded natural gas 
supply, which could reduce the price impacts. 

Einally, I want to note that one of the important changes in the 
Senate bill relative to the House bill is the delay in direct regula- 
tion of fugitive methane emissions. This allows the generation of 
offsets from methane sources through 2020, which would otherwise 
be precluded. 

Since the use of offsets is one of the most important cost control 
measures in the bill, the ability to increase the supply of offsets 
could be important to ameliorate allowance prices. 

Overall, we expect that compliance with greenhouse gas legisla- 
tion will require the use of a diverse mix of clean technologies in- 
cluding gas, coal with CCS, renewables, nuclear and energy effi- 
ciency. We do not expect any one technology to dominate. 

That said, we expect that several of these options are unlikely to 
be widely available until at least 2020. Thus, we do see an in- 
creased role for natural gas at least through that time, especially 
if the availability of offsets is limited and the economy is revital- 
ized. 

Eortunately, the new drilling and production techniques have ex- 
panded our natural gas supply options and should allow us the 
flexibility to use gas cost effectively as one of the options for green- 
house gas reduction. 

Thank you for the opportunity to testify, and I look forward to 
your questions. 

[The prepared statement of Mr. Bluestein follows:] 
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Committee on Environment and Public Works 
United States Senate 

Legislative Hearing on S. 1733, Clean Energy Jobs and American Povifer Act. 

October 28, 2009 

Statement of 
Joel Bluestein 
Senior Vice President 
ICF International 

Good afternoon Madam Chairman and members of the Committee. My name is Joel Bluestein 
and I am a Senior Vice President at ICF International. ICF is a consulting firm located in 
Fairfax, Virginia that has been in business providing energy and environmental consulting 
services for 40 years. ICF provides objective technical analysis to public and private sector 
clients, including agencies of the U.S. Government but does not take advocacy positions on 
these topics. Thank you for the opportunity to appear before the Committee to discuss the role 
of natural gas in addressing greenhouse gas reductions. 

Many people expect that natural gas will play an important role in achievement of GHG 
reduction targets. This is not surprising since natural gas: 

• Has the lowest carbon content of fossil fuels — a little more than half that of coal 

• Can be used in very efficient technologies 

• Can be used effectively in power generation, transportation and direct end use 
applications 

At the same time, there is concern for some that gas could play too large a role; that a massive 
“dash to gas” will occur in the electric power sector and that North American gas supply is 
limited to the extent that increased gas consumption could cause shortness of supply and or 
much higher gas prices. 

Natural Gas Supply 

The good news in this respect is that recent developments in gas drilling and production have 
greatly increased estimates of the U.S. gas resource in ways that can address these concerns. 
The view of these resources has changed rapidly in recent years. The focus of these changes 
is in the estimated volumes of undeveloped recoverable gas resources. These are the 
estimated volumes of gas that are not yet classified as proved but that are expected to be 
recoverable or producible in the future. The volume of such undeveloped resources is estimated 
using a range of assessment methodologies, depending upon the nature of the resource and its 
stage of development. 

Several organizations in the U.S. assess the volume of technically recoverable resources from 
tight gas, shale gas, and coalbed methane, as well as from future conventional fields. The 
USGS is the principal organization for assessing onshore gas and oil resources. It assesses oil 
and gas resources at the formation or play level. The USGS maintains a website with the latest 
assessments for each geological basin’. The U.S. Energy Information Administration (EIA) and 
National Petroleum Council (NPC) also publish assessments of unconventional natural gas. The 
EIA publishes the Annual Energy Outlook^, which includes assumptions about natural gas 
supply and resources. The NPC published its most recent North American natural gas study in 
2003^, which included extensive documentation about resources and activity trends in the U.S. 


’ USGS National Oil and Gas Assessment; http://energy.cr.usgs,gov/oilgas/noga/ 

^ U.S. Energy Information Administration, Annual Energy Outlook, http://www.eia.doe.gov/oiaf/aeo/ 
^ National Petroleum Council North American Gas Study, 2003; http://www.npc.org/ 
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and Canada, Another prominent U.S. assessment group is the Potential Gas Committee, which 
publishes a detailed assessment every two years (discussed below). ICF also prepared a study 
in 2008 for the INGAA Foundation on the status of unconventional gas resources'*. 

The most recent assessment by the EIA is for 2007, showing the total U.S. natural gas resource 
base (proven reserves plus unproven resources) at 1,771 trillion cubic feet (Tcf) of technically 
recoverable natural gas, including 238 Tcf of proven reserves^. 

The rapid change in the understanding of the U.S. natural gas resource is most recently 
depicted in this year's report of the Potential Gas Committee. The Potential Gas Committee 
(PGC) is a non-profit, independently governed, 100% volunteer staffed entity founded in 1964. It 
is assisted in its work by the Potential Gas Agency at the Colorado School of Mines which 
provides objective scientific and technical guidance, formal comparisons with others' estimates, 
training of new Committee members, representation of the Committee at industry association 
and professional meetings, lectures and presentations on the work and estimates of the 
Committee, and administrative support for report production and Committee meetings. The 
Potential Gas Committee consists of volunteer experts who are associated with a wide variety of 
natural gas industry, governmental, and academic institutions. The Committee currently has 
about 105 members. The PGC develops periodic, independent estimates of the U.S. natural gas 
resource. 

The PGC's most recent report®, the 2008 assessment released in June of 2009, estimates that 
the total U.S. natural gas resource base (proven reserves plus unproven resources) at year-end 
2008 is 2,074 trillion cubic feet (Tcf), more than 36 percent higher than the 2006 estimate. This 
total reflects the highest level in the Committee's 44-year history and represents almost 100 
years of supply at current consumption levels. 

The Committee’s year-end 2008 assessment of 1,836 Tcf unproven resources (statistically 
aggregated mean value) consists of 1 ,673 Tcf of gas attributable to traditional and shale 
reservoirs and 163 Tcf in coalbed reservoirs. Compared to year-end 2006, traditional and shale 
resources increased by nearly 519 Tcf (45%), while coalbed gas resources decreased by 3 Tcf 
(1.9%), resulting in a net increase in total potential resources of 515 Tcf (39%), 

When the PGC’s results are combined with the U.S. Department of Energy's latest available 
determination of proved gas reserves, 238 Tcf as of year-end 2007, the United States has a 
total available future supply of 2,074 Tcf. an increase of 542 Tcf over the previous evaluation 
(2006). 

While unconventional natural gas has been a significant component of U.S. production for a 
long time, its contribution has grown rapidly in recent years. Notable trends include the growth in 
production from tight gas reservoirs in the Rockies and East Texas, coalbed methane in 
Wyoming and New Mexico, and shale gas in North Texas and the Mid-Continent region. The 
most significant contributor to this increased estimate is the increased unconventional gas 
resource and in particular shale gas. The growing importance of shale gas is shown by the fact 
that, of the 1,836 Tcf of total potential resources, shale gas accounts for 616 Tcf (33%). As 
shown below, these resources are widely distributed across the U.S. 


"* ICF International, Availability, Economics, And Production Potential Of North American Unconventional 
Natural Gas Supplies, The INGAA Foundation, November 2008. 

® U.S. Energy Information Administration, Annual Energy Review 2008, June 2009. 

® Potential Gas Agency, Potential Supply of Natural Gas in the United States (December 31, 2008), 
Colorado School of Mines, June 2009. 
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Shale Gas Plays, Lower 48 States 



The growth and future importance of shale gas resources is largely due to the development and 
application of new drilling and production techniques. Shale formations do not allow the gas to 
flow freely to a well bore. Producers must “stimulate” the well by pumping high pressure fluids 
into the well (hydraulic fracturing) to create a network of fractures in the rock that will allow the 
gas to flow out. 

The recent emergence of new shale plays and rapid technology changes have made it difficult 
for the assessment groups to develop assessments that reflect current activity. For example, the 
NPC assessment was published in 2003 but did not include the Arkoma Basin Fayetteville and 
Woodford shales because, at the time of publication, these resources had not yet emerged. 
Neither the NPC study nor earlier USGS and EIA studies evaluated the horizontal drilling 
potential in the Marcellus play in Appalachia or the Louisiana Haynesville Shale. 

Published resource assessments should be viewed with an awareness of rapidly evolving 
technology and the emergence of large new plays. In addition, former assessed shale resources 
were based upon an assumption of vertical drilling and older completion technologies. Some of 
the assessed shale resources in older reports represent the low pressure, shallow part of a 
shale play that was developed in past decades, as opposed to the deeper, higher pressure area 
that is now the development target for horizontal drilling. The table below shows the increase in 
estimated shale resources in recent years as these factors have been taken into account. 
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Published Esti mate s of U.S. Lower 48 U S Recoverable Shale Gas Resource (Tcf) 


USGS 

{various years) 

NPC 2003 

EIA 2007 ■ 

ICF2008 

PGC 2009 

85 

35 

125 

385 

616 


The growing production from the Barnett Shale in the Fort Worth Basin of North Texas and the 
more recent startups of the Fayetteville and Woodford Shale plays in the Mid-Continent region 
have shown the greatly improved production potential of horizontal drilling and stimulation 
technologies. Many of the advances made in these technologies have come just within the past 
decade. In the last few years, numerous company announcements have been made about 
additional North American horizontal drilling shale gas plays. These include the Haynesville 
Shale in Northern Louisiana, the Marcellus and Huron Shales in Appalachia, the Pearsall Shale 
in Texas, the Utica Shale in Quebec, and the Horn River Basin and Montney Shale in British 
Columbia. It appears certain that shale gas production will expand in coming decades, and 
production will emerge in new regions in the U.S. and Canada. 

The increased supply associated with unconventional gas and shale gas in particular, has 
fundamentally changed the supply/demand balance for natural gas in North America. Whereas 
gas production has been flat or declining for much of the last ten years, with no excess capacity 
relative to demand, production has increased in the last few years, creating some surplus 
deliverability and a decline in prices. With the current economic downturn, production has 
dropped as consumption is lagging production capacity and gas prices are still less than half of 
prior year levels. Even with an economic resurgence, U.S. and North American natural gas 
resources are now understood to be much more robust than previously expected. 


Lower-48 Dry Gas Production Vs. Dry Gas 
Capacity (BCFD) 



Source; IGF Internationa! 
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The Role of Gas in GHG Reduction 

Interestingly, the base case modeling of the Waxman-Markey bill (and by extension of the 
Kerry-Boxer bill) performed by the U.S. EPA^ and EIA° does not show a dash to gas. These 
projections show gas use flat or slightly declining, even in the power sector. The key 
determinants of these results are: 

• Very low energy demand growth - driven by slower economic growth and/or greatly 
expanded investments in energy efficiency 

• Very high reliance on offsets - especially international offsets - which reduces the need 
for domestic reductions, keeps the allowance price low and avoids the need for 
increased gas use 

• High reliance on new low- or zero-emitting technologies such as renewables, nuclear 
and coal with carbon capture and storage (CCS). 

When there is little or no growth in energy demand, an ample supply of offsets and rapid 
availability of alternative zero-emitting technologies, there is limited demand for gas. However, 
this combination of positive conditions may not occur. In particular most analysts expect that 
the supply of both domestic and international offsets will be significantly less than the maximum 
allowed under the bills. 

Both EPA and EIA have run alternative scenarios with limited offset availability, in which they 
find expanded natural gas use. EIA has a case® with no international offsets and no new 
technology, which generates a 15% increase in gas consumption in 2020 and a 25% increase in 
2030 compared to the reference cases. Even with this Increase in natural gas consumption, the 
wellhead price of gas increases by $1/IVlWIBtu (16%) in 2020 and actually does not increase 
from the base case in 2030. So although this fairly extreme sensitivity case does yield a 
significant increase in gas consumption, it does not result in a major increase in the long-term 
price of gas. Moreover, these cases do not include the most recent data on expanded natural 
gas supply, which could ameliorate the price impacts even further. 

One of the important changes in the Senate bill is the delay in direct regulation of fugitive 
methane emissions. This allows the generation of offsets from methane sources through 2020, 
which would otherwise be precluded. Since the use of offsets is one of the most important cost 
control measures in the bill, the ability to increase the supply of offsets, could be important to 
ameliorate allowance prices and be mechanically simpler than direct regulation of these diverse 
sources. 

Summary 

Overall, we expect that compliance with GHG legislation will require and will occur through the 
use of a diverse mix of clean technologies including gas, coal with CCS, renewables, nuclear 
and energy efficiency. We do not expect any one to dominate. That said, we do not expect 
several of these options to be widely available until at least 2020, thus we do see an increased 
role for natural gas at least through that time, especially if availability of offsets is limited and the 
economy is revitalized. Fortunately, new drilling and production techniques have expanded our 
natural gas supply options and should allow us the flexibility to use gas as one of the options for 
GHG reduction. 

Thank you for the opportunity to testify and I look forward to your questions. 


' U.S. EPA, EPA Analysis of the American Clean Energy and Security Act of 2009, June 2009. 
http://www.epa.gov/ciimatechange/economics/pdfs/HR2454_Analysis.pdf 

® U.S. Energy Information Administration, Energy Market and Economic Impacts ofH.R. 2454, the 
American Clean Energy and Security Act of 2009, Report #SR-OIAF/2009-05. August 2009 
® U.S. Energy Information Administration, 

http.7/www.eia.doe,gov/oiaf/servicerpt/hr2454/excel/hr2454nibiv,xls. August 2009 
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ICF 

INTERNATIONAL 


October 29, 2009 


Chairman Barbara Boxer 

Ranking Member James Inhofe 

Senate Committee on Environment and Public Works 

410 Dirksen Senate Office Buiiding 

Washington, DC 20510 


Dear Chairman Boxer and Ranking Member Inhofe; 

Thank you for the opportunity to testify yesterday on natural gas issues related to greenhouse 
gas reduction. My responses to the follow-up questions are provided below. 

Question from: Senator Bernard Sanders 

1 . We know in Vermont that energy efficiency has tremendous value, and even though Vermont 
is a leading state. Efficiency Vermont projects even greater efficiency savings in future years. 
Energy efficiency is a proven way to create jobs and save consumers money, while reducing 
emissions. Would you agree that this Committee should set flexible, cost-effective energy 
efficiency investment criteria for a portion of the allocation that is provided for free to electric 
LDC's under this legislation, just as this legislation does for the natural gas allocation? 

Answer: 

ICF recognizes the high value of energy efficiency in general and in particular as part of a 
greenhouse gas reduction strategy. ICF has worked extensively with federal and state agencies 
to develop and manage energy efficiency programs and is one of the nation's leaders in 
development and implementation of efficiency programs for gas and electric distribution 
companies. That said, our corporate policy is to not take positions on legislative and policy 
proceedings in order to maintain the objectivity of our work for public and private sector clients. 
Thus we cannot take a position on the specific legislative provision referenced in this question. 


1655 North Fort Myer Drive — Arlington. VA 22209-3117— 703 528.1900 — 703.528.5106 fa« — Icfi com 
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Letter to: Chairman Boxer and Ranking Member Inhofe 
October 29, 2009 
Page 2 of 2 

Question from: Senator James M. Inhofe 

1, Your company uses a proprietary model (IPM) in its work for EPA. Without full public access 
to your model. It appears that any analysis that EPA conducts would be in violation of the 
Information Quality Act. Can you please explain why your use of the IPM model, without full 
public access, does not violate the IQA7 Will you make the model that you use for EPA's 
climate modeling available to the public so we can independently validate your model? 

Answer: 

I do not work on ICF’s IPM support for the EPA but my understanding is that the EPA has 
addressed this question in the past and has determined that the use of IPM is not a violation of 
the Information Quality Act. Moreover, the IQA regulates the activities of federal agencies and it 
would be inappropriate for ICF to respond on EPA's behalf on this topic. I respectfully submit 
that it would be more appropriate to direct this question to the EPA. 


Please let me know if you have any further questions. Thank you again for the opportunity to 
testify. 


Sincerely, 





Joel Bluestein, P.E. 
Senior Vice President 
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Senator Boxer. Thank you. And I wanted to point out that we 
have worked very closely with ANGA, the American Natural Gas 
Association, and they have been very, very helpful. And there has 
been so much news about natural gas finds. It is very good news, 
I think, for the environment. 

And now we turn our two witnesses that were cordially invited 
by the minority. We welcome you here. The first one is Barry Hart, 
Chief Executive Officer, Association of Missouri Electric Coopera- 
tives. 

Thank you for being here. 

STATEMENT OF BARRY HART, CHIEF EXECUTIVE OFFICER, 
ASSOCIATION OF MISSOURI ELECTRIC COOPERATIVES 

Mr. Hart. Thank you. Senator Boxer. I thank the committee for 
inviting me to participate today. 

I am proud to represent all of the great folks back in Missouri, 
the Show Me State, that own their own electric co-ops. I do appre- 
ciate this opportunity, and I want to thank Senator Bond for call- 
ing me. But I also want to thank our junior Senator, Senator 
McCaskill, for what she is doing for our State. And I would be re- 
miss if I did not tell the Governor of our State, Jay Nixon, hi from 
the Nation’s capital. He is a good friend of mine. 

Let me give you an idea of our customer mix in Missouri, who 
we represent and their situation. That might give you a snapshot 
of what is going on out there. Presently, electric cooperatives in 
Missouri represent 2 million people that are getting electricity from 
40 not-for-profit consumer-owned electric cooperatives. 

These consumer-owned electric cooperatives operate in the best 
interests of the consumer who owns them. And because we have 
done a good job of that over the years, we have 91 percent cus- 
tomer satisfaction ratings in our State. We are very proud of that. 

Let me give you a snapshot of some of our members in these 
small rural communities in Missouri. One-third of our members are 
65 years of age or older, 83 percent of that group are retired and 
are living on a fixed income. Half of our households in our State 
earn less than $40,000 a year. 

It is tough times for these folks. They work in the ag, timber and 
tourism industries. And they cannot, a lot of times, pass these ad- 
ditional costs along. So that makes them sensitive to price in- 
creases. 

We have a long history in our State of working for our members, 
bringing electricity to the communities and economic development 
for our rural communities. We like to lead the way in rural Mis- 
souri. 

We would like to continue that commitment today in working on 
the energy issues of our country and our State. We are very proud 
of the fact that as co-ops in Missouri we were the first in our State 
to develop large scale wind projects. Presently in Northwest Mis- 
souri we have 300 megawatts of wind under contract. And our com- 
munities are supporting those projects. 

We are also investing in efficiency for our members. We have 
dedicated $31 million of co-op member money toward Energy Star 
appliances, energy audits, ground source heat pumps, and CFLs. 
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We are very proud of the fact that in the last year we have in- 
stalled 2 million CFLs in our members’ homes. 

We are also one of the first utilities in the Midwest to join the 
Chicago Climate Exchange, and we are trying to do something 
about our carbon footprint in Missouri. 

Our consumers started looking at this issue right after the House 
passed the legislation. They started hearing about all of these dif- 
ferent studies that were done, and the studies had conflicting costs 
associated with them. So, they asked us to do our own study. And 
because our consumers asked us, we felt we had better get on it. 

So, we asked all of the investor-owned utilities, the municipal 
utilities and co-ops in our State, the people that are generating 
electricity every day, to come together and look at the Waxman- 
Markey bill and tell us how much it is going to cost our consumers. 

The results are staggering, and it got our members’ attention. 
They are looking at 12 to 26 percent rate increases in 2012, which 
could go up to 50 percent under different cost scenarios. The im- 
pacts to our State are a lot larger than what a lot of people 
thought. We also are looking at 20 to 42 percent rate increases in 
2020, and those could reach as high as 77 percent under the worst 
case scenario. 

As we review the Senate bill, and we know you have put a lot 
of hard work into this bill, and as some of the other testifiers have 
said, you have tried to work on consumer protections. But this bill 
is not good for Missouri. I have to be honest with you. We only get 
out of this bill 60 percent of the carbon credit allocations that we 
need, and we have to pass those costs on to our consumers. 

And I agree with some of the earlier testifiers that the carbon 
credit allocations need to benefit consumers because they are the 
ones that we are asking to pay the bill. 

We want to work with the Senate, any Senate committee, any of 
the Senators, to get a bill that protects consumers and meets the 
goals of the United States of America. And we will stand ready to 
work with anybody, anywhere, anytime to meet that test. 

Presently, we do not think the committee’s bill meets that test. 
I am going to take it back to our consumers in Missouri. I am going 
to present it to them. And I will get back with both of our Senators 
and let them know what the consumers are telling me back home. 

Thank you for the opportunity. But I do have to caution you, I 
am just afraid that if I take that 60 percent allocation back to our 
members, our consumers in our State, they are going to tell me to 
ask both of my Senators to vote no on this bill. 

Thank you for the opportunity. 

[The prepared statement of Mr. Hart follows:] 
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Thank you for inviting me to provide the views of electric cooperatives on pending 
climate change legislation before the Senate. I am Barry Hart, CEO of the Association of 
Missouri Electric Cooperatives. I represent more than 2 million people receiving 
electricity from 40 electric cooperatives serving more than 70 percent of the land mass in 
Missouri. 

Without exception, our cooperatives are democratically governed, our business meetings 
are well attended and our cooperatives receive extremely high customer approval ratings. 

While our members are a diverse group, we serve a high percentage of economically 
disadvantaged Americans. One-third of our members are 65 years or older, with 83 
percent of that group retired and living on a fixed income. Nearly half of our member 
households earn annual gross incomes of less than $40,000. 

Cap and trade proposals being considered would significantly increase costs to 
Missourians just as they are beginning to shed some of the financial challenges imposed 
by one of the deepest recessions in the last half century. There are numerous conflicting 
statements circulating about the cost of climate change legislation on consumers. Most 
studies use an average from across the nation. Missouri’s electric utilities felt our 
consumers should know what these impacts are on our state specifically. For this reason, 
a joint study was commissioned by the cooperative, investor-owned, and municipal 
utilities to come up with cost impacts for their plants in our state. 

This study shows the Waxman-Markey House bill will cause our customers to pay rate 
increases averaging between 12 percent and 26 percent starting in 201 2 with the potential 
to reach as much as 50 percent should utilities be forced to switch from coal to natural 
gas for a significant portion of their fuel. Because the cap on emissions is reduced 
annually, rate increases of between 25 percent and 42 percent may be experienced as 
soon as 2020 and could reach as high as 77 percent under a switch to natural gas scenario. 
The study is included in my written testimony submitted to the committee. 


Page 2 of 17 
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Avg Increase In Annual Resid Electric Bill in MO Under Waxman>Markey 
(not including other ft/e/ and infrastructure related rate increases) 
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Electric cooperative members in Missouri are very concerned about possible rate 
increases and their impact on their families and businesses as tbe Senate works to craft 
climate change policy. That fact is evidenced by the more than 750,000 messages sent to 
our elected officials by Missouri electric cooperative members asking them to keep 
electricity affordable and reliable. We have never seen this level of grassroots 
involvement on an issue in our cooperatives’ history. 

Our members have told us they cannot afford a massive hike in rates. Unemployment is 
on the rise, with unemployment rates as high as 12.7 percent in rural counties. Our 
state’s economy is reeling from recent plant closings, particularly at the St. Louis 
Chrysler and Ford automobile assembly plants. Our electric co-op members are 
predominantly employed in agricultural or timber endeavors that do not let them recover 
increases in production costs such as electricity. Already wholesale rates have increased 
49.5 percent due to a number of factors and our member-consumers have told us their 
budgets are being stretched thin. 

To serve our members with affordable and reliable electricity, electric cooperatives in 
Missouri have built a diverse generating portfolio that includes coal, natural gas, 
hydropower and wind energy. In fact, we were the first utility to bring wind energy to 
the state, with 300 megawatts currently contracted for from wind farms in Missouri. 

We also have allocated $3 1.2 million over five yeeu-s for an energy efficiency plan with a 
goal of reducing demand by 1 .9 million megawatt-hours. Through this plan, more than 2 
million energy efficient CFL light bulbs have been distributed to members, along with 
energy audits and rebates to install Energy Star rated appliances. 
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However, we are dependent on coal to supply 81 percent of our members’ needs. When 
our last baseload plant was put in service in 1982, coal was our only option because 
changes in federal policy took natural gas and nuclear power options off the table. 

Twenty-seven years later, Missouri consumers see themselves about to be penalized for 
following federal policy and making the only decision that would meet our members’ 
needs. 

We are proud of the environmental record of Associated Electric Cooperative, which 
provides generation for most of our members. Over the past 14 years. Associated has 
invested more than $1 billion to reduce emissions. As a result, sulfur dioxide and nitrogen 
oxide emissions are down 90 percent. In the next 1 0 years, we expect to spend an 
additional $1.3 billion on environmental improvements. 

Missouri's electric cooperatives are proactive in managing their carbon footprint and are 
at the forefront of research on reducing carbon emissions. Associated Electric 
Cooperative was one of the first utilities to join the Chicago Climate Exchange, the 
world’s first and North America’s only legally binding greenhouse gas emissions 
tracking program. We are partnering with several Missouri utilities to fund a three-year 
project to study the viability of storing CO 2 underground in Missouri's unique geology. In 
addition, Missouri's electric co-ops are working with two universities to determine 
whether algae can capture CO 2 from power plant flue gas and produce beneficial 
byproducts like biodiesel. However, those projects will require many years of research 
before they are commercially viable. 

Today I am here as a representative of the electric cooperative program in Missouri to 
talk to you about a prudent carbon policy that protects consumers. In the cooperative 
spirit, Missouri electric cooperatives will work together with the nation’s electric 
cooperatives, our Senators, and this Committee to craft a climate policy that both 
achieves emission reductions and keeps electricity affordable for our consumer-members. 
Climate legislation must be: 

• Fair - Climate change legislation must take into account regional differences. 
Missouri’s electric cooperative consumers should not be asked to pay more than 
consumers in other parts of the country because of regional differences in how 
electricity is produced. 

• Affordable - Any climate change plan must keep electric bills affordable for all 
Americans. Missouri’s rural electric cooperative consumers, with a median 
household income more than 1 1 percent below the national average, cannot afford 
the significant cost increases projected to result from the American Clean Energy 
and Security Act of 2009. 

• Achievable - Climate change mandates must be realistic to ensure long-term 
success. Prudent climate policy must build a bridge to a low-carbon economy 
responsibly and carefully. 


Page 4 of 17 
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Following are some specific areas that electric cooperatives would like to see improved 
in climate change legislation. 

Achievable Emission Caps and Timelines 

Large-scale reductions in greenhouse gas emissions will require a transformation in the 
electric sector on an extraordinary scale. The Kerry-Boxer bill’s target of a 20 percent 
reduction in greenhouse gas emissions by 2020 is far too aggressive. Missouri’s electric 
cooperatives’ generation portfolio is currently 81 percent coal. In the near term, we have 
relatively few technology choices available to reduce our greenhouse gas emissions. Our 
energy efficiency programs and additional renewable energy will yield some reductions. 
But in the absence of new, commercially available technologies, it is likely that we would 
need to switch from coal to natural gas to comply with the caps in the bill, at substantial 
cost to our consumers. 

Long-term emissions reductions can be achieved if there is sufficient new research, 
development, and deployment of new technologies that reduce or avoid emissions of 
greenhouse gases. In the utility sector, this research program must include renewable 
energy, nuclear power, carbon capture and sequestration, energy efficiency, and other 
technologies that will give us the tools necessary to accomplish the long-term reduction 
goals. However, it is critical that the target during the first decade of a climate program 
reflects the expected availability of technology. 

Legislation should also allow sufficient time for the EPA, other agencies, and covered 
sectors to establish regulations and prepare for the implementation of the program. 
Attempting to begin a carbon reduction program in 2012 may well create a “false start” 
that could seriously imperil the very beginning of this long-term effort to decarbonize the 
economy. Further, emission reduction targets and timetables that are too aggressive will 
make the cap-and-trade program unaffordable, unworkable, and technologically 
unachievable. 

Protection of Electricity Consumers by Allocating Allowances to Local Distribution 
Companies Based on Carbon Content of Fuel Mix 

Currently, the Kerry-Boxer bill retains the allocation methodology in the House bill — the 
so-called “EEI 50-50-50” formula — leading to significant regional disparities in how well 
electric utility consumers are protected from rate increases resulting from the cap-and- 
trade program. Under the House bill’s formula, Missouri’s electric cooperatives would 
receive about 68 percent of their proportionate share of the cap in 2012 in contrast to 
some utilities that would receive 100 percent. This places a disproportionate burden on 
our consumers due to our higher than average percentage of coal generation. As a result, 
our consumers — with lower than average median income — get less protection from the 
cost impacts of this bill just because they live in Missouri. This regional disparity is 
patently unfair. 
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The root cause of the disparity — the 50-50-50 formula — should be fixed. The most 
efficient method of minimizing the costs of a carbon reduction program to our electric 
consumers is to freely allocate allowances to local distribution companies on the basis of 
emissions. The utility sector should receive allowances in proportion to its share of the 
overall cap established in the bill (approximately 40 percent), and those allowances 
should be provided for the duration of the program. Further, providing allowances to 
unregulated merchant coal generators dilutes the allowances provided to protect 
electricity consumers, instead providing additional profits to those companies. Those 
problems can and must be avoided by allocating allowances solely on the basis of 
emissions. 

In the case of not-for-profit, member-owned electric cooperatives, it is impossible for us 
to profit from the free allocation of allowances. Our member-consumers directly bear all 
costs resulting from efforts to reduce emissions to cap levels and acquire allowances. 
Likewise, our member-consumers directly save on their electric bills when costs are 
avoided. A program design that requires cooperatives to purchase allowances will raise 
costs to our consumer-members for compliance, redirecting funds that they could have 
otherwise invested in low-carbon technologies. Allocating allowances based on the 
carbon content of the fuel mix recognizes regional differences in generation and will 
ensure fairness and affordable electricity for all American consumers. 

Robust Cost Containment Measures to Promote Economic Sustainability 

Cost certainty is critical in the early years of a greenhouse gas cap-and-trade program as 
covered sectors transform to low-carbon energy sources. Different analyses of cap-and- 
trade legislation have come to different conclusions about what it will cost consumers. 
Even government analyses contain several different scenarios with wildly differing 
results, depending upon the assumptions used in the scenarios. We believe that any 
legislation should include a guarantee that the cost of the legislation to our consumers 
would not exceed a pre-determined level. 

The best method of assuring cost certainty is the inclusion of a strong cost containment 
mechanism, such as a safety valve or price collar. A safety valve limits the potentially 
destabilizing impacts of a cap-and-trade program on energy prices and ensures 
affordability of electricity to our member-consumers. The Kerry-Boxer bill contains a 
strategic reserve proposal similar to the House bill that does not place an upper limit on 
the cost of emission allowances. While some components of the strategic reserve have 
improved in this bill, additional improvements such as a real price collar are needed. 

Offset Credits to Provide Flexibility 

The inclusion of workable domestic and international offset credit programs will provide 
covered sectors flexibility in planning cost-effective investments in low-carbon 
technologies and reduce costs to consumers. Workable domestic and international offset 
programs are critical to protecting consumers, particularly in the early years of a climate 
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program. EPA, CBO, and others have concluded that the cost of emission allowances 
would rise by 70 to 100 percent if domestic and international offsets are not available. 

This bill delays the establishment of an offset program — and thus its market value in 
controlling the costs of the cap-and-trade program and protecting consumers — by failing 
to assign the lead agency or agencies for domestic and international offset projects, and 
failing to include an initial list of eligible domestic project types. Cooperatives believe 
that the U.S. Department of Agriculture is in the best position to work with farmers and 
landowners on domestic offset projects. In addition, it is not necessary to cap the use of 
offsets by covered entities, as the size of the domestic and international offset programs 
will be limited by the available verified, cost-effective offsets. 

Establish a Single, Integrated Program 

A workable piece of legislation will ensure that regulated entities understand the “rules of 
the road” and know who the “traffic cop” is on that road. To make new legislation 
workable, it should not simply be layered upon existing law at the federal, state, or local 
level. Therefore, climate change legislation should establish a single, organic new law 
that establishes the sole legal and regulatory requirements for reducing greenhouse gas 
emissions, and should ensure that the Clean Air Act, Endangered Species Act, and other 
federal laws cannot be used to require reductions in greenhouse gas emissions. 
Additionally, given the nature of the climate change issue, there is no benefit to allowing 
states to establish “more stringent than” programs when there is a national cap 
established on emissions. 

Unfortunately, the Kerry-Boxer bill would result in the worst-case scenario of simply 
layering a new set of requirements on top of existing laws that were never designed or 
intended to regulate greenliouse gas emissions. It also fails to effectively pre-empt states 
and other units of government from establishing their own cap-and-trade systems. 
Pancaking new and old laws and regulations must be avoided in new legislation. 


Technology Development and Deployment Incentives 

To make greenhouse gas reduction requirements achievable, we will need new, cost- 
effective technologies to reduce emissions. Incentives for new technologies (including 
carbon capture and sequestration, plug-in hybrid electric vehicles, renewable and nuclear 
power, etc.) are critical to the sustainability of any new legislation and the achievability 
of the emissions reductions. Developing new technology is critical to cooperatives’ 
ability to use abundant, domestic resources like coal to continue to meet our energy 
needs. 

With respect to carbon capture and sequestration, this bill contains several of the financial 
and regulatory incentives necessary to develop the technologies. However, to ensure the 
timely development of carbon capture and sequestration, regulatory and liability hurdles 
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must be addressed in the legislation. Without these provisions the program will not be 
achievable or affordable. 

Conclusion 

Thank you for the opportunity to testify at today’s hearing. Electric cooperatives have 
concerns and suggestions regarding the details of climate change legislation in addition to 
the elements covered above. Mandatory efforts to reduce greenhouse gas emissions will 
have far-reaching impacts to the U.S. economy with the potential for disproportionate 
impacts to low- and fixed-income households, to specific economic sectors, and among 
regions, A well-designed climate change program will distribute the costs of the program 
fairly and equitably. Cooperatives look forward to working with Members of this 
Committee, other committees with jurisdiction over various aspects of this issue, and the 
entire Senate to develop a fair, affordable, workable, and technologically achievable 
program. I look forward to answering the Committee’s questions. 
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August 31, 2009 

U.S. Senator Kit Bond U.S. Senator Claire McCaskill 

274 Russell Senate Office Building. Hart Senate Office Building, SH-71 7 

Washington, D.C. 20510 Washington, D.C, 20510 

Dear Senator Bond and Senator McCaskill, 

As leaders of Missouri’s electric service providers, we are joining together to share our common 
concerns about the likely impacts of the climate legislation which will be considered later this year 
in the Senate. If it passes there, then Members of the House who voted on H.R, 2454 - the 
American Clean Energy and Security Act of 2009, a.k.a. the Waxman-Markey bill, may have an 
opportunity to vote again on similar issues. 

As it exists today, this bill will significantly increase costs to Missourians just as they are 
beginning to shed some of the financial challenges imposed by one of the deepest recessions in the 
last half centuiy. We believe this legislation will cause our customers to pay rate increases 
averaging between 12% and 26% starting in 2012 with the potential to reach as much as 50% 
should utilities be forced to switch from coal to natural gas for a significant portion of their fuel if 
natural gas prices are at the levels seen last summer. Because the cap on emissions is reduced 
annually, rate increases of between 25% and 42%, may be experienced as soon as 2020 and could 
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reach as high as 77% under the switch to natural gas case cited above. Lower rate increases could 
be recognized if the provisions detailed below were incorporated into the legislation. 

It should be noted that these projected increases would be in addition to any other rate increases 
that utility providers would implement to pay for.higher costs of fuel, additional or improved 
emission control devices, increased costs of transmission and distribution, etc. 

These increases represent statewide averages, with some utilities having to charge more and others 
less. Because Missouri utilities, and most other states in the Midwest, have historically relied on 
coal to produce reliable and low cost electricity, residents and businesses here could experience 
among the highest rate increases in the nation. 

Based on the current legislation, Missouri utilities will have to find a way to cover at least 40% of 
their expected carbon emissions in 2012 in addition to the free allocations provided in the 
legislation. To comply with the law we will have to make costly changes to our generation fleet, 
operate higher cost gas-fircd generation, purchase domestic and/or foreign carbon offsets, 
purchase more expensive low- or zero-emission power, and switch fuels in existing plants. This 
will be in addition to the energy efficiency efforts that will reduce our customers demand for 
power. Even after taking these costly measures, we will be required to purchase carbon 
allowances in a market with highly uncertain prices. 

If the current bill could be modified in the following six ways, rate impacts on Missouri residents 
and businesses could be significantly reduced and yet the key environmental policy objectives 
maintained. 

■ Reduce initial consumer price shock by providing sufficient allowances to meet allowed 
carbon emissions, recognizing that allowances can be withdrawn over time. 

• Significantly extend the current timeline before reducing allocations to give utilities a 
reasonable time after federal regulators have designed the regulatory plan in order to 
achieve meaningful reductions in carbon emissions. A more gradual ‘glide slope’ for 
reductions of allocations is needed to avoid unprecedented and very expensive actions by 
the utility industry, which will be borne by their customers. 

■ A ‘price cap’ should be established to prevent price spikes caused by shortages or 
speculation (hat will ultimately shock consumers’ pocketbooks. 

• Create an enforcement ‘off ramp’ so that American industries aren’t forced to choose between 
relocating operations to competitor countries (who require little or no carbon regulation), and 
going bankrupt in a world market. Without this provision we could see jobs going overseas 
which, counlerproductively, would serve to increase worldwide carbon emissions. 

• Electric utilities, and the electrification of vehicles, are the most obvious means of 
reducing U.S. dependence on foreign oil. The current provisions of this legislation 
penalize electric utilities and their customers for advancing this national interest. Instead 
utilities should be allocated additional allowances tied to electric vehicle penetrations to 
speed the transition to electric vehicles. 
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• The proposed legislation contemplates the use of domestic and international ‘offsets’ as a 
means of addressing carbon emissions. However, it is highly restrictive with no clear 
timeline or guidelines for issuing a final rulemaking. Restrictions and limitations on the 
use of offsets should be removed. Moreover legislation must ensure that offset rules are 
quickly finalized to ensure their immediate availability at the start of any carbon 
reduction program. 

If you have any questions regarding these recommended modifications to the legislation or 
would like to receive additional data on how climate legislation will disproportionately impact 
Missourians, please do not hesitate to contact us. 

Sincerely, 



Jim Jura, 

CEO & General Manager, Associated Electric 
Cooperative, Inc. 



John Twitty 

General Manager, City Utilities of Springfield 
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Bin Gipson, 

President & CEO, The Empire District Electric 
Company 

William Downey, 

President & COO, Great Plains Energy and Kansas 
City Power & Light 



Barry Hart, 

Exec. Vice President & CEO, Association of 
Missouri Electric Cooperatives 




Duncan Kincheloe 

General Manager & CEO, Missouri Public Utility 
Alliance 



Warren Wood, 

President, Missouri Energy Development Association 
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Unified Missouri Electric Utilities Review 

of the 

Impacts of H.R. 2454 - the American Clean Energy and Security Act of 

2009 

Electricity prices are a considerable factor in siting and retaining a vibrant manufacturing and 
commercial consumer base in any community. These industries then provide many of the jobs 
that are critical to the economic health of these communities. Low electricity prices also allow 
many individuals in our state to enjoy an improved quality of life. 

Missouri’s electric service providers (municipal, cooperative and investor-owned) share several 
concerns that legislation like the Waxman-Markey bill will dramatically drive up the cost of 
electricity unless several issues are addressed. Following passage of the Waxman-Markey bill by 
the U.S. House of Representatives, all of Missouri’s electric service providers met and worked 
through the major provisions of this legislation in order to understand the impacts of the 
legislation on our customers. These utilities then developed a reasonable set of common 
assumptions so that total state impact data could be developed. The observations and charts that 
follow were developed by this group and represent the collective thinking of the analysts most 
familiar with Missouri’s electric generation and delivery infrastructure and how the Waxman- 
Markey bill would impact its operation. 

Numerous reports with national 'average’ data are being distributed on an almost daily basis. 

What these reports typically fail to address is the disparity of impacts between Midwestern and 
coastal states. Missourians are disproportionally impacted by this legislation due to our higher 
than average percentage of coal generation and lower than average median income. 

The following charts illustrate low, mid, and high cases for which all the signators to this letter 
have provided data. In addition the signatories provided data to identify impacts associated with 
the need to switch fuels if other compliance options are not available in a timely manner. 

The low case assumes an initial carbon price of $12 per metric ton consistent with the prices 
modeled by the U.S. Environmental Protection Agency. This case is only considered achievable if 
the concerns in the cover letter are addressed such that needed technologies are commercially 
available and deployable, international and domestic offsets are readily available, and economic 
growth is below historic levels. Given that the U.S. EPA, Energy Information Administration, and 
others have indicated uncertainty on these conditions, the only way to assure the carbon price in 
the low case is to set a price cap on the price of allowances that will likely be required to be 
purchased. 

The mid case assumes an initial carbon price of $25 per metric ton. This closely matches much of 
the modeling by other organizations studying the impacts of Waxman-Markey. This scenario 
reflects assumptions similar to those used by several organizations whose analysis yielded 
‘average’ impacts that do not reflect the disparity of impacts to Missourians. 
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The high case assumes an initial carbon price of $50 per metric ton. This carbon price levei is 
reflected in many models used by other organizations under scenarios where offsets are not readily 
available and/or large-scale carbon reduction technologies are not commercially deployed until 
after 2020. 

The fuel switch analysis captures the effect of achieving compliance with carbon reduction 
requirements through fuel switching (typically by reducing output from coal-fired plants and 
turning to natural gas-fired plants). This analysis was conducted to determine the rate impacts on 
customers that would occur if compliance could not be achieved through areas such as offsets and 
technology deployment in the short term. If utilities are forced to comply with this legislation 
through fuel switching for some period of time, this analysis gives scale to the customer impacts 
that could be observed. For this analysis, we used natural gas prices similar to those experienced 
last summer. 

Consumer behavior, economic conditions, availability of international and domestic offsets, 
allowance prices, allowance allocations, and the commercial availability of large scale greenhouse 
gas reduction technologies (e.g. large scale carbon capture and storage) will determine what costs 
electric consumers will experience. 

It should not be assumed that any one scenario will be observed exclusively. One plausible 
outcome is that initially the lower cost scenario would be observed but tightening emission caps, 
low availability of offsets, and slow technology deployment and the higher allowance prices that 
would result could push cost toward the high case. 

If we assume that the Waxman-Markey bill is changed so that there is a cap on the price of 
allowances (limiting the price to one within our assumptions) and further if we assume that the bill 
is changed to allow for more carbon offsets, both domestic and foreign, such that we can be 
assured of enough allowances at a given price, then the prices will likely be close to the low and 
mid cost scenarios. 

If, however, the bill is not changed, and there is no cap on allowance prices nor the ability to bring 
in sufficient outside offsets to continue operating our coal-based units, then it is much more likely 
that companies will experience the high cost scenario with potential price spikes resulting from 
fuel switching from coal to natural gas until other cost effective greenhouse gas reduction 
technologies (e.g. carbon capture and sequestration) are deployed. These price spikes could be 
consistent with the range of prices seen in the fuel switch analysis. 

The costs impacts from this analysis are likely conservative or lower than will actually be 
experienced by customers under each of the analyzed scenarios. This is because none of the 
analysis included additional impacts from costs of operation associated with other requirements 
such as the Clean Air Act that are beyond that of compliance with Waxman-Markey. 

Additionally, the risk is greater that costs will be higher than the amounts projected because 
sufficient and affordable carbon offsets may not be available, new technology may not be either 
developed or deployed in a timely manner, and capital for plant investment may not be available 
in time to meet the enforcement deadlines. Finally, this analysis only addresses the impact on 
direct electricity costs to the consumer and does not make any effort to project the impact of 
higher energy prices on other goods and services that consumers purchase. 
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Also, it is important to note that these observations and charts are only for the timeframe from 
now to 2020. It was widely recognized by the analysts developing the information in this report 
that impacts after 2020 would only be more significant - especially when the free emission 
allocations phase out after 2025. Providing data between 2020 and 2030 was discussed at length 
but the number of uncertain variables with dramatic impacts on outcomes was viewed to be so 
significant as to make any one scenario just as likely as any other. Suffice it to say, we believe 
impacts between 2020 and 2030 will be much greater than those between 2012 and 2020 
especially given the greater level of emissions reductions and the lower allocation of allowances. 


As illustrated below, just the carbon emission compliance portions of the current Waxman-Markey 
bill would drive up the annual cost of electricity in Missouri between $2 billion and $3.3 billion by 
2020 and under conditions that force large-scale fuel switching to achieve compliance an annual 
impact of $6 billion could be observed. As previously noted, the availability of low cost offsets, 
the commercial availability of large scale greenhouse gas reduction technologies that do not yet 
exist, emission allowance prices, allowance allocations, and economic conditions drive the 
uncertainties in these estimates. 


Annual Increase in Total Cost of Electricity in MO Under Waxman-Marlcey 
{/lot including other fuel and infrastructure related rate Increases ) 
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By 2020 the carbon emission provisions in the current legislation would drive electric rates 25% to 
42% higher than they would be absent this legislation. If significant fuel switching is required to 
achieve compliance the rate impacts could approach 77%. 


Page 15 of 17 



422 


Testimony of Barry Hart (10/23/09 5:00 pm) 


October 28, 2009 


Electric % Rate Increases In MO Under Waxman-Markey 
(not including otiier fuel and infrastnicture related rate increases ) 
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As shown here, this would result in a per-household annual increase in electric bills of $220 to 
$380 by 2020 and under conditions that force large-scale fuel switching the impact could be $690. 
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Unfortunately this increase in electricity cost will show up in everything you buy, not just your 
electric bill. Virtually all products either use energy in their production or transportation. 
Products like aluminum, concrete, and automobiles, which require large amounts of energy to 
produce, would be particularly hard hit. 

In Missouri, 82% of our generation comes from coal and the median household income is more 
than 11% below the national average. Climate legislation must provide the country with an 
appropriate amount of time to gradually upgrade our mix of resources toward low and no carbon 
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emitting plants, the cost of which in itself will be signiOcant, and achieve greater energy efficiency 
in the communities we serve. 

Our state cannot afford an immediate imposition of significant costs on power plants and 
manufacturers at prices set in a highly volatile and uncertain market. Climate legislation must take 
into account regional differences. Additionally, climate legislation should not provide an avenue 
to “pay for” issues unrelated to the environment such as health care reform or tax cuts for middle 
to low-income workers. Those issues must be addressed separate from environmental legislation, 
which impacts the country on a disproportionate basis. 

As discussed previously one of the important variables affecting the impacts of this legislation on 
Missourians is the availability and price of domestic and international offsets. While we support 
greater access to offsets, it is important to note that one of the likely unintended consequences of 
this aspect of the legislation is that it may result in a large transfer of wealth from our region to 
other countries (to purchase international offsets). While this may be desirable in terms of 
minimizing rate impacts on Missourians, it is questionable policy to spend billions of dollars to 
purchase offsets and send this money to countries that may be doing nothing to reduce their 
carbon emissions and may in fact be competing with us economically. 

We have enclosed a map illustrating the top coal generating states. We hope that you can make 
this available to all of the policy makers participating in this debate. Thank you for your 
consideration of our concerns. We look forward to following this debate in the weeks and months 
ahead. 
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Senator Boxer. And our next minority witness is Brett Hart, no, 
it is Dustin Johnson. I have got to get this right. I have got my 
wrong panel here. Dustin Johnson, Commissioner, South Dakota 
Public Utilities Commission, and Mr. Johnson is serving as the 
Commission’s Chairman. Congratulations, Mr. Chairman. And we 
are honored to have you with us. 

STATEMENT OF DUSTIN “DUSTY” JOHNSON, CHAIRMAN, 
SOUTH DAKOTA PUBLIC UTILITIES COMMISSION 

Mr. Johnson. Thank you very much. 

Good afternoon Madam Chairman, Ranking Member Inhofe, 
members of the committee. 

I am Dusty Johnson. I am Chairman of the South Dakota Public 
Utilities Commission, and since I was elected 5 years ago state- 
wide, it has been my great pleasure to fight for consumers. And I 
love doing it, and I know you all do as well. These folks have 
earned their money, and they should not have to spend any more 
than they have to on their natural gas and electric bills. 

And that is really what brings me here today. I understand the 
desire to reduce our carbon footprint. And I think we should. But 
I am concerned that this bill is not fair, and I am concerned that 
it hurts consumers, especially Midwestern consumers, far more 
than it has to. 

What do I mean? Well, this bill, I think, first hurts Midwestern 
consumers by significantly increasing their utility bills. Our anal- 
ysis indicates that bills in South Dakota are going to go up 25 per- 
cent between now and 2012. And that is just to pay for allowances. 
That is not to clean up anything, or to build anything new. That 
is just to pay for the allowances. And that is about a quarter of a 
billion dollars a year hit for South Dakota. And I just do not know 
how you can take a quarter of a billion dollars out of South Dakota 
every year and not hurt families and businesses. 

Of course, those price spikes are going to come at a time when 
we are already seeing electricity prices increase pretty signifi- 
cantly, and we are seeing that in South Dakota. Black Hills Power 
has already asked us for a 27 percent rate increase, Xcel Energy 
has asked us for an 11 percent rate increase, and most of those 
costs are related to Xcel trying to get cleaner. 

Let us be honest. Building new wind power, building new trans- 
mission lines, converting coal power plants to natural gas power 
plants, as they are doing, that stuff does not come cheap. And we 
are getting greener in South Dakota. We are very proud of that. 
But that does cost serious money. 

So I think that is my big concern. You get that double-barreled 
shot of folks having to pay for allowances while at the same time 
having to pay to green up their energy sources. That is going to 
have an impact on consumers, and I do not think anybody can deny 
that. You all have heard CBO Director Elmendorf has testified that 
the House bill would cut the Nation’s GDP by 3.5 percent over the 
lifetime of the bill, and that impact is going to be disproportion- 
ately felt in States like mine. 

Why? Because this bill, in a lot of ways, picks regional winners 
and losers. You look at California. Under this bill, California would 
receive 12 million more carbon allowances than it needs. And little 
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South Dakota would be left about 3 million allowances short. Other 
Midwestern States are left in similar situations. And that is going 
to mean a very real transfer of jobs and billions of dollars from our 
Nation’s Heartland to the coasts. 

That is, I think, one clear example of how this bill, at least in 
its current form, is bad for the Midwest. And I think, is an example 
of a provision that is more about politics than about the environ- 
ment. 

Now listen. I am a politician. And I understand that politics is 
about the art of compromise. But I think this bill that tries to give 
a little bit of something to everybody in some ways has obscured 
the central role of carbon regulation. What do I mean? Well, I 
think in some ways this bill gives our country a fish when we need 
a fishing pole. 

People have talked about softening the impact to consumers by 
giving some of them rebates. But I do not want Americans to be 
more dependent on a check from the Federal Government to pay 
their utility bills. If we want to reduce our carbon footprint, and 
again I think we should, if we should do it, then let us go do it. 
Let us invest that money in nuclear and in energy efficiency and 
in research and development. Let us solve the problem rather than 
making us more reliant on the Federal Government to pay those 
bills. 

I should mention that I am not alone here. The National Associa- 
tion of Regulatory Utility Commissioners, and these are the folks 
who are fighting for consumers every day, they do not oppose this 
bill. But they do agree with me on a whole lot of this. They agree 
allowances should be given based primarily on emissions, that com- 
pliance revenues should be invested in technology and efficiency, 
that the utility sector should receive a full portion of allowances, 
and that State commissions need more flexibility. 

I am no Neanderthal and neither are my regulatory colleagues. 
I believe the globe is warming, and I think we should reduce our 
carbon footprint. One hundred percent of the generation that has 
come on line in South Dakota in my 5 years as an ener^ regulator 
has been renewable or low carbon. We have invested $1 billion in 
wind, we have new transmission lines, we have a thousand green 
jobs, and the ACEEE recently, just last week, named South Dakota 
one of the most improved States in the entire country in the last 
year because of our energy efficiency efforts. 

I believe in a low carbon future. We are making strides in South 
Dakota, and I am hopeful that we can improve this bill so that it 
moves us farther down the field in the right way. 

Madam Chairman, thank you very much for the time. 

[The prepared statement of Mr. Johnson follows:] 
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Good morning Chairman Boxer, Ranking Member Inhofe, Members of this 
Committee, and distinguished panelists, i appreciate the opportunity to appear 
before you this afternoon. 1 am Dustin “Dusty" Johnson, and 1 currently serve as the 
chairman of the South Dakota Public Utilities Commission (SDPUCJ. The SDPUC has 
been protecting consumers since 1886. Today we regulate companies in the 
electricity, natural gas, telecommunications, and grain storage industries. We 
understand how important it is to be a strong, fair, and proactive regulatory 
presence dedicated to the public interest 

1 was elected to the Commission in 2004 and serve on the Board of Directors for the 
National Association of Regulatory Utility Commissioners [NARUCJ and on the 
NARUC Electricity Committee. 1 have had leadership roles in a number of national, 
regional, and state energy committees and work groups and understand energy and 
regulatory policy and how it affects consumers. 1 am honored to serve on the SDPUC 
alongside my colleagues Steve Kolbeck and Gary Hanson. We are a bipartisan 
commission that has never let politics get in the way of working for the public 
interest. Our job is to fight for consumers, and we love doing it. Those consumers 
have earned their money and they shouldn’t have to pay any more than necessary 
for their utilities. 

That's what brings me here today. It seems like so often when people talk about the 
impacts of federal energy legislation, they talk about utility companies. Well, South 
Dakota is a traditionally-regulated environment with vertically-integrated utilities, 
so the utility companies don’t pay for much of anything - their customers do. Those 
customers elected me, they’re my bosses, and I’m here today on behalf of them, the 
people who pay the bills. 

1 understand the desire to reduce our carbon footprint, and I think we should. But 1 
don’t think the climate change legislation pending before you is the right approach. 

It will harm consumers, especially Midwestern consumers, far more than it needs to. 


Direct Impact on Ratepayers 

This bill will hurt Midwestern consumers because it substantially raises their 
monthly utility bills. Analysis done on Waxman-Markey shows South Dakota 
consumers will be paying as much as 25 percent more for their electricity as soon as 
2012. It could be even more for customers of some companies. 


1 

Johnson, SDPUC 
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• Black Hills Power estimates cost increases to be 47 percent in 2012 and 82 
percent in 2030, assuming a $50/ton price on carbon emissions, 

• MidAmerican Energy predicts an increase of as much as 25 percent in 2012. 

• Missouri River Energy Services would see a 65 percent increase if the 
President’s proposal of 100 percent auction were passed, but expects to see 
increases of 25 percent at$35/ton or 15 percent at $20/ton. 

• Montana-Dakota Utilities estimates a 15 percent increase in 2012, up to a 30 
percent increase by 2035, assuming emissions trading at $20/ton. At a higher 
price of $50/ton, they would see increases of more than 30 percent as early 
as 2012. 

• Northwestern Energy is expecting the average residential customer to pay 
an extra $250 annually with the average commercial customer paying more 
than $1,000 annually if the Waxman-Markey bill is signed into law. 

• Assuming 35 percent free allowances, as given in the Waxman-Markey bill, 
OtterTail Power Company expects to see emissions sell for $25/ton in 2012, 
$37/ton in 2015 and $40/ton in 2020, corresponding to rate increases of 23 
percent in 2012, 37 percent in 2015, and 45 percent in 2020. 

Although the chairman's mark of the Senate bill was just released late Friday night, I 
have taken some time to look at the 900+ page draft, and it is worse for consumers 
than the Waxman-Markey bill. The Kerry-Boxer bill has a more aggressive near- 
term target of 20 percent in 2020 and starts with fewer allowances available for 
allocation. The end result is a much more severe impact to ratepayers than what is 
outlined above. 

The SDPUC has been interested in the impacts of a cap-and-trade proposal for quite 
some time. Last spring we hosted a Carbon Cap and Trade Forum. Prior to the 
event, we gathered some analyses of impacts to utility customers of recent cap-and- 
trade proposals. At the forum, we held panel discussions on cap-and-trade 
legislation, in an attempt to gather as much information as possible. After the event 
we wrote a report entitled, "Carbon Cap & Trade; National Policy, Local Impact.” ^ 

Not only did we learn how a cap-and-trade program should be structured to have 
the least impact on South Dakota's ratepayers, our conclusion estimated what that 
impact would be. Given a $30/ton price of emissions, and without no-cost 
allowances, we found the average South Dakotan was likely to see a near-term 
electricity price increase of 48 percent. That was only the direct cost of such 
legislation. 1 am glad the Kerry-Boxer and Waxman-Markey bills have included a 
number of the consumer-friendly provisions the SDPUC identified, but there are 
others I hope could still be added to minimize the substantial negative impacts to 
American families and businesses. 

Because there is no hard price collar in the Senate bill, it is tough to say what the 
true limit of what the impact to consumers could be. The actual auction price will be 


' http://puc.sd.gov/commission/Events/carbonforum/CarbonCapandTradeSummaryReport.pclf. 
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determined by what miracle technology sprouts from the small allocation of this bill 
going into research and development. It will be determined by the price of natural 
gas, and how much we can find and easily extract in the coming decades. It will 
eventually probably be determined by the price of new nuclear plants. As a result, 
many have suggested that climate change legislation include a price collar to 
minimize allowance price volatility. I agree with that. This is especially important 
to Midwestern states like South Dakota that will receive fewer allowances than 
needed under either version of the bill (House or Senate). 

As 1 understand the current version of this bill, a minimum ceiling price is set at $28 
in 2012 and increases thereafter. This minimum ceiling price fund is essentially a 
floor. The chairman’s mark includes a reserve fund with a soft collar, but this 
mechanism will not do enough to protect customers. With emissions trading 
creating a commodity market expected to be in the trillions of dollars, 1 am not 
confident that such a mechanism would do much to limit speculation or control the 
price impacts to Midwestern ratepayers. 

In South Dakota, we spend a little more than a billion dollars a year on electricity 
and natural gas. A 25 percent increase in those bills, just for an allowance cost, 
takes $250 million a year out of our state. Consider this; $250 million dollars across 
a state of slightly more than 800,000 people pencils out to more than $850 per 
household. South Dakotans also spend about a billion dollars a year on state taxes. 
Thus, the effects of this bill would be similar to a 25 percent increase in state taxes. 
This tax would be different, however, in that it would not provide the essential 
services that our state taxes do. Much of this tax would be shipped to other states, 
to special interest groups, to merchant generators, and to the federal government. 
You can't pull a quarter billion dollars out of a state like South Dakota and not cause 
serious damage to families and businesses. 


Already Rising Energy Costs 

This bill would hurt Midwestern consumers because it would raise rates at a time 
when prices are already expected to be rapidly increasing. A massive new capital 
expenditure cycle, environmental compliance, and worldwide demand for resources 
are all going to push prices significantly higher. We are already seeing it in South 
Dakota. Black Hills Power just requested a 27 percent increase. Xcel Energy has 
requested an 11 percent increase, much of which is being driven by their effort to 
get greener. Adding wind generation, building transmission lines to carry wind, 
changing coal plants over to natural gas - all of those things cost serious money. We 
recently approved a 12 percent increase for Otter Tail Power, and 60 percent of that 
rate increase was related to wind power. We are getting greener in South Dakota 
and it is already costing us serious dollars. Adding an additional 25 percent to the 
already rising costs is asking too much of consumers. As energy prices rise, 
consumers are already in the middle of an economic crunch. Increasing the price of 
energy even more will be devastating to many. How much more can they bear? 
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The costs ratepayers will carry just to add renewables to the system are now 
beginning to set in. The initial plans to export wind generation out of the Midwest 
and into areas of the country without renewable resources are being laid out and 
the costs are extensive. The Green Power Express is one example. This proposed 
network of high-voltage transmission lines spanning from the Dakotas to Illinois is 
estimated to cost between $10 and $12 billion, effectively doubling the value of the 
transmission in the region. This estimate does not include the generators being 
connected to the new grid. Coal plants that are in some cases less than halfway 
through their depreciable life will be replaced with more a more expensive mix of 
generators. These generation and transmission costs are in addition to compliance 
costs utilities will pay and be forced to pass along to ratepayers. The combination of 
transition and compliance costs will be massive, especially in areas like the Midwest, 
where three-quarters of our generation comes from coal. 

For the last 100 years the real price of electricity in this country has been dropping 
with surprising consistency. It was among the most important developments of the 
2Qth century and allowed electricity to become the "the lifeblood of modern society 
& economic growth," as noted by the Institute for Energy Research.^ Today, as 
increasing world demand for resources transforms that long-standing cost curve, 
we may be nearing the end of the era of affordable energy. Is now the right time to 
implement a mechanism that would place significant additional upward price 
pressure on energy? 


Effect on International Competitiveness 

This bill would hurt Midwestern consumers because it lowers productivity and 
doesn't protect our international competitiveness. Of course, it's not just me who 
says that. CBO Director Douglas W. Elmendorf has testified that the cap-and-trade 
provisions of the House bill would cut the nation's gross domestic product by 1 to 
3.5 percent in 2050.^ Energy Secretary Steven Chu said that "[i]f other countries 
don't impose a cost on carbon, then we will be at a disadvantage."* The Tax 
Foundation has estimated similar legislation to reduce economic output by $136 
billion annually and export 965,000 jobs.^ Unfortunately, many South Dakota 

^ http;//www.instituteforenergYresearch.org/energY-overview/ 

’ U.S. Senate Committee on Energy & Natural Resources, Oct. 14, 2009, Testimony of Dr. Douglas W. 
Elmendorf 

* "Energy Chief Says U.S. Is Open To Carbon Tariff," Wall Street Journal, March, 18, 2009, p. A4 

^ Andrew Chamberlain, Who Pays for Climate Policy? New Estimates of the Household Burden and 
Economic Impact of a U.S. Cap-and-Trade System, 
http;//www.taxfoundation.org/publicadons/show/24472.html 
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businesses rely on the low cost of energy we enjoy today, and would likely be the 
first to go under or relocate as a result of higher energy prices. Since 2001, the price 
of electricity in South Dakota has risen at less than half the rate of electricity prices 
in the United States, and South Dakota has seen robust economic growth during that 
time.^ In fact, during that time South Dakota’s economy has grown at 129 percent 
the national average. 1 believe affordable energy is a powerful engine of economic 
growth and South Dakota is a clear example of that. 

This bill does not require or even ask other nations to reduce their CO 2 emissions. 
The legislation doesn’t include "off ramps” if other countries fail to participate. The 
two largest up-and-coming carbon emitters, China and India, have both indicated 
they place more importance on their economic wellbeing than on the concentration 
of CO 2 in the atmosphere. If carbon emissions and business opportunities simply 
transfer to other countries as a result, what is the point of capping carbon in this 
country in the first place? Does Congress intend to pass such an economic burden to 
American consumers when the results will be negligible? This one-sided approach 
to carbon reduction has the potential to cost South Dakota and the Midwest a 
substantial amount of jobs and economic prosperity. 


Wealth Transfer to Coasts 

This bill would hurt Midwestern consumers because it takes their money and uses it 
to provide a windfall to other regions of the country. Kerry-Boxer allocates free 
allowances 50 percent of emissions attributable to retail electricity and 50 percent 
to retail electricity deliveries. This methodology ensures customers of utilities that 
generate or purchase significant amounts of coal-fueled energy, such as many 
utilities do in South Dakota, will receive fewer allowances than required to offset 
increased customer costs when compared to nuclear and hydro-dependent utilities 
whose actual emissions attributable to their retail electricity sales are minimal. The 
recent EPA analysis on the Waxman-Markey bill allowance allocation methodology 
shows California is given 12 million more allowances than it needs for compliance 
and South Dakota would only receive two-thirds of what it needs for compliance, 
leaving it three million allowances short. 

South Dakota is not the only state shorted by the allowance allocation. Other 
Midwestern states are left in a similar situation, meaning the bill transfers jobs and 
billions of dollars from our nation’s heartland to the coasts. That isn’t right and it 
isn't fair. It's not just me that believes that It’s also my colleagues across the 
country. A 2007 NARUC resolution stated, "[t]he assignment of no-cost allocated 
allowances to local distribution companies . . . should be based primarily on the level 
of GHG-emissions.’’’’ In the end, improper allocation of these allowances will cause 

^ According to data from the U.S. Department of Energy's Energy Information Administration 

’ Summary of NARUC Climate Policy, http://www.naruc.0rg/Publication5/Cllmatels5ueBriefl_Apr2OOS.pdf 
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an outflow of dollars from Midwestern states, such as South Dakota, to the coastal 
states. These dollars, which will increase electric costs tremendously, will result in 
no reductions to greenhouse gas emissions. The solution to this issue is to allocate 
100 percent on emissions. 

Not only are the free allowances unfairly allocated, but this bill actually allocates 
fewer no cost allowances to utilities than Waxman-Markey. To states such as South 
Dakota, this can only mean costs under this version of the bill will be even higher 
than those under Waxman-Markey. 1 encourage the Senate to restore what was lost 
under this version and to increase the overall allowance allocation to the electricity 
sector from 35 to at least 40 percent to be equivalent to the sector's share of 
emissions. 

The Kerry-Boxer bill also allocates 14.3 percent of the allocated utility sector 
allowances to merchant generators. Merchant generators are not rate-regulated by 
state PUC's [or anyone) and so there is no mechanism to ensure consumers gain the 
benefit of no-cost allowances. Tbe result would be an enormous windfall of profits 
to merchant generators with no likely environmental or consumer benefit. It’s not 
just me that believes that. It's also my colleagues across the country. The NARUC 
Climate Change Task Force has stated that, "[bjecause merchant generators are not 
rate-regulated, they have no obligation to pass through benefits to consumers. 
Operating in a competitive market, merchant generators will likely retain the value 
of free allowances as profits, just as European merchant generators did."® This 
problem can be resolved by eliminating the allocation to merchant generators and 
instead providing those allowances to local distribution companies, which will be 
required to pass that benefit on to consumers. 


Improper Allocation of Allowance Revenue 

This bill would hurt Midwestern consumers because it gives them a fish, when they 
really need a fishing pole. These bills all envision softening the impact to consumers 
by providing some of them - the low- and middle-income - rebates to pay their 
utility bills. But I don't want more Americans more dependent on the federal 
government to pay their utility bills. If we need to reduce carbon, then let’s do it. 
Let's put that money toward energy efficiency and toward research and 
development Let’s solve this problem, rather than making consumers reliant on yet 
another check from the federal government We will not solve our carbon problem 
by under-investing in research and development and unfortunately, the Kerry- 
Boxer and Waxman-Markey bills do just that. 


“ NARUC FAQ: Consumer Benefits of Free CO Allowances for Utilities, 
http://www.naruc.org/PLiblications/FAQl_Consumer_Benefits.pdf 
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Technology is key because we don't have the tools we need to reduce our carbon 
footprint by 80 percent. Without technology to reduce our carbon intensity, a cap- 
and-trade mechanism is really just a tax. With 7 0 percent of our nation's electricity 
generated from fossil fuels, bu 3 dng allowances or offsets is the short-term answer. 1 
strongly believe any climate change legislation should include provisions that result 
in additional renewable and nuclear energy, energy efficiency programs, carbon 
storage development, and other new technologies. It's not just me that believes that. 
It's also my colleagues across the country. Resolutions passed by NARUC have made 
it clear that an effective climate change bill must, “[ijnclude support for the 
development of more efficient generation, transmission and distribution 
technologies, energy efficiency, and GHG-emission control and sequestration 
technologies through various means . . . 

I'm not only concerned that this bill under invests in technology; 1 also feel that way 
about energy efficiency. I think efficiency will have to be a central component of 
meeting these goals, and I'd like Kerty-Boxer to invest more resources into 
efficiency, rather than into rebates. Of course, in some parts of the country or for 
some classes of customers rebates may be necessary. That’s why a large portion of 
the compliance revenue should be provided to state utility commissions with 
appropriate discretion to design the proper mix of rebates and efficiency 
improvements. Some states are farther along the efficiency path and may not have 
as much low-hanging fruit, so they might favor a higher proportion of rebates. 

Other states, particularly those cold-weather states like South Dakota, may make 
weatherization the top priority. Each state’s utilities commission is uniquely 
qualified to determine how best to spend that compliance revenue. It’s not just me 
that believes that. It’s also my colleagues across the country. The NARUC Climate 
Change Task Force has stated that, "Congress should allow flexibility to State 
regulators in order to encourage creative solutions that address each jurisdiction’s 
individual circumstances.’’^^ 

Those familiar with both logic and the electric utility industry know that those who 
use the SO 2 trading program as a template for a successful CO 2 cap-and-trade 
program are guilty of the fallacy of false comparison. Although both programs cap 
emissions at a specific level and allow the trading of emissions allowances to set the 
market price of those allowances, the two programs are different in every other 
way. First and foremost, when the Clean Air Act acid rain SO 2 trading program was 
passed, the technology was available to capture SO 2 . No such feasible technology is 
available for capturing CO 2 , meaning most generators will be looking at fuel 
switching or abandonment rather than simply retrofitting. The goal of the SO 2 
trading program was to reduce emissions by 50 percent, not 83 percent. In addition 

’ Summary of NARUC Climate Policy, http://www.naruc.org/Publications/ClimatelssueBriefl_Apr2008, pdf 

NARUC FAQ: Cor]sumer Ber]eflU of Free CO Allowances for Utilities, 
http://www.naruc.org/Publications/FAQl_Consumer_8enefits.pdf 
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to less aggressive goals, allowances were allocated fairly. Ninety-seven percent of 
the SO 2 allowances went to utilities, but not all utilities, just those that needed them. 
Finally, allowances are freely distributed over the life of the program, and auction 
proceeds are redistributed to utilities with compliance obligations. It should be 
obvious, then, that the success of the acid rain program provides little help in 
evaluating current CO 2 cap-and-trade proposals. If anything, drafters of these bills 
should attempt to learn something from the successful SOz trading program. 

As I understand this bill, free allowances are to be phased out between 2026 and 
2030, similar to the Waxman-Markey bill. However, because this bill does not focus 
sufficient resources into the research and expansion of nuclear generation and 
because it will take time to research and develop the energy storage, carbon 
sequestration, and other technologies needed in its absence, there is real potential 
that allowances prices could increase dramatically as our country struggles to meet 
the carbon reduction timelines. To soften the impact to consumers, 1 urge the 
Senate to extend the phase-out over the entire emission reduction period to 2050. 


State Commission Flexibility 

This bill would hurt Midwestern consumers because it doesn't allow their state 
regulators the flexibility to design programs best suited for their needs. State utility 
commissions do a very good job of setting rates and a very good job of protecting 
consumers - those are our areas of expertise. I'm not sure this bill acknowledges 
that, and so I have great concerns about the workability of the legislation, as does 
NARUC.ti This bill and the Waxman-Markey bill both include language that 
significantly limits how state commissions can distribute local distribution company 
allowance proceeds. Both bills require the benefits to be shared "ratably" and 
"equitably" within and among consumer classes. They also appear to require 
industrial and residential consumers receive a direct cash rebate from allowance 
proceeds if it is proven the cap-and-trade system caused their energy bills to 
increase. 

These provisions are problematic because they foster uncertainty and potential 
litigation. Just who will determine what "ratably" and "equitably" mean, and how 
will that impact the decision to issue flat rebates when the industrial and residential 
consumers demonstrate their power biHs have increased? In addition, if Congress 
wants to encourage and help fund energy efficiency and clean energy projects, this 
language unnecessarily prohibits what would otherwise be a strong revenue stream 
that could be dedicated for these investments. State commissions have historically 
encouraged significant amounts of clean energy investment, and as we have seen 
with the Regional Greenhouse Gas Initiative States, proceeds from the nation's only 


“ NAKUC FAQ: Consumer Benefits of Free CO Allowances for Utilities, 
littp;//www.naruc.org/Pubt!cations/FAQl_Consumer_Benef!ts.pdf 


8 

Johnson, SDPUC 



434 


functioning cap-and-trade market are being used for energy efficiency investment. 
Allowing the Environmental Protection Agency [EPA) and other federal agencies to 
micromanage state ratemaking isn't a good idea and 1 urge you to remove such 
wording. 

Additionally, I believe some utilities could achieve the emission reductions sought in 
this bill without participation in the allowance trading system, and if there are some 
that want to, 1 think they should be given options on how to proceed to accomplish 
the goals. Companies like MidAmerican Energy don’t oppose reducing emissions 
but are skeptical of whether a trading mechanism will result in the lowest cost 
emission reductions for their customers. I understand their concerns and am also 
opposed to sending money out of state when we could use those dollars to either 
reduce emissions at existing power plants or replace those plants with low-carbon 
alternatives. 

1 believe some opt-out provision should be included in this legislation. States and 
utilities could decide whether to participate in the allowance trading system, or 
instead approach the reductions directly. The emission reduction targets would 
remain, but the state regulators would make the decisions on the energy policy 
within the state and how the reductions would be achieved at the lowest possible 
cost. Such an approach would let states and local distribution companies focus on 
pursuing the most effective means of reducing greenhouse gas emissions to meet 
the federal caps, and give consumers a voice in the process. 


Conclusion 

1 don't want anyone to think that these comments are coming from a caveman or 
Neanderthal. 1 believe the globe is warming, and 1 believe we should reduce our 
carbon footprint One hundred percent of the generation that has come on-line in 
South Dakota in my five years as an energy regulator has been renewable or low- 
carbon. In the last five years, more than a billion dollars has been invested in 
renewable energy in my state, new transmission lines have been built and we’re 
home to a thousand green jobs. Just last week, the American Council for an Energy- 
Efficient Economy [ACEEE] rated South Dakota as one of the "most improved" states 
for our energy improvement effortsi^. Clearly South Dakota is a state that is 
embracing the new energy economy and the need to reduce our carbon footprint 
You can see similar robust green efforts in almost every state in the Midwest and 
Great Plains. Tremendous progress has been made, much of it in just the last few 
years. 

I believe in a low-carbon future. I just think the bill before you is the wrong way to 
get our country from where we are to where we need to be. I think it places far too 


“ The 2009 State Energy Efficiency Scorecard, http://aceee.org/press/e097pr.htnn 
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much of the burden on consumers and on American business and I think it will 
make families more dependent on the government to pay their monthly utility bills. 
I know we can do better. With that, I will be pleased to answer any questions. 
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Dustin M. Johnson, Chairman, South Dakota Public Utilities Commission 
October 29,2009 

Responses to Follow-Up Questions from October 28, 2009 
Environment and Public Works committee Hearing 

Senator Bernard Sanders 

1 . We know in Vermont that energy efficiency has tremendous value, and even though 
Vermont is a leading state. Efficiency Vermont projects even greater efficiency savings 
in future years. Energy efficiency is a proven way to create jobs ans save consumers 
money, while reducing emissions. Would you agree that this Committee should set 
flexible, cost-effective energy efficiency investment criteria for a portion of the allocation 
that is provided for free to electric LDC's under this legislation, just as this legislation 
does for the natural gas allocation? 

Answer: 

In short, yes. / /eel that this bill under-invesis in energy ejfficiency. I think efficiency will 
have to be a centra! component of meeting our carbon reduction goals, and I ‘d like 
Kerry-Baxer to invest more resources into efficiency rather than rebates. And when I say 
rebates. I’m not talking about upfront no-cost allowances to LDC ’s. Of course, in some 
parts of the country or for some classes of customers rebates may be necessary. However, 
I think a larger portion of the compliance revenue should be provided to state utility 
commissions with appropriate discretion to design the proper mix of rebates and 
efficiency improvements. Some states are farther along the efficiency path and may not 
have as much low-hanging fruit, so they might favor a higher proportion of rebates. 

Other states, particularly those cold-weather states tike South Dakota, may make 
weatherlsation the top priority. Each stale's utilities commission is uniquely qualified to 
determine how best to spend that compliance revenue. My colleagues across the country 
feel the same way. The NARUC Climate Change Task Force has staled that, "Congress 
should allow flexibility to State regulators in order to encourage creative solutions that 
address each jurisdiction 's individual circumstances. 


' NAHUCFAQ: Consumer Benefits of Free CO Allowances for Utilities, 
http://www.naruc.or8/Publlcatlon$/FAQl_Corsu mer_Benerits.pdf 
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Senator Janies M. Inhofe 

I. Nowhere in the Boxer bill is there a provision that guarantees that utilities will be able to 
recover the costs imposed on them by the cap and trade regime. At the same time, 
nothing in the bill says what happens when end if a state Public Utility Commission 
disallows a utility to recover the enormous costs that arise from the wide range of 
provisions that impose new obligations on them. Certainly given the enormity of the cap 
and trade costs no utility is going to move forward with expensive investments in new 
generation or compliance costs without prior approval from their respective PUCs which 
will have to include prudency pre-approval for recovery of the relevant costs of those 
investments and expenditures. 

a. What happens to this whole process when a PUC simply decides NOT to allow 
cost recovery for cap and trade costs in a utility’s rates? 

Answer: 

Stale regulatory bodies are bound by case law, and in most cases explicit stale 
statutes, to allow recovery of all costs that were reasonable and prudently 
incurred by the regulated utility. In instances where utilities are simply 
complying with mandates ordered by the federal government (purchasing 
enough carbon allowances to operate, for instance). / think state commissions 
would have little authority to deny those costs. In the short-term, the utility has 
no ability to avoid incurring those mandated regulatory costs, so is not acting 
imprudently by complying with the law. In the long-term, as regulators 
reasonably presume utilities are taking actions to cost-effectively lower their 
carbon costs, there is greater potential for disagreement between PUCs and 
utilities over what course of action is most prudent. 

State commissions will be imder tremendous political pressure to disallow 
carbon regulation costs, especially when those costs would impose a 
substantial burden on ratepayers, who will not be happy to see rates increase 
dramatically. In instances where commissions do not allow recovery of those 
costs, costly litigation will almost certainly follow. 

The South Dakota PUC has an abundance of orders which explicitly state that 
utilities are allowed to recover costs of federal mandates. Therefore any 
ratepayer mitigation of cap and trade costs would likely only apply to future 
investment decisions unless this commission chose to attempt to overturn a 
strong legal precedent. 

b. Can you envision any utility making the enormous capital investments or 
operating cost expenditures without a virtual prior-approval guarantee that 
these costs will be recouped in rates they can charge? 

Answer: 

If a cap-and-trade mechanism goes into effect, a variety of expensive 
investment decisions will need to be made. I agree that utilities will be unlikely 
to make such investments (whether into programs or infrastructure) without 
guidance or (in jurisdictions allowing it) pre-approval from their state utility 
commissions. 
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c. Isn’t the Boxer bill’s failure to address the political reality that PUCs are 
simply not going to approve massive rate increases reflecting the enormous 
costs of this cap and trade bill the ultimate choke point for the failure of this 
legislation? 

Answer: 

If a cap-and-trade mechanism goes inlo effect, it will place financial burdens 
on ratepayers, political burdens on state commissions, and burdens related to 
the uncertainty of recovery onto utilities. I view the burden on consumers as far 
greater than the burdens placed on either commissions or the utilities. 

Utilities may face some high level of uncertainty surrounding two types of 
investments, though (see answer to Id below). In instances where utilities feel 
they must incur costs for carbon compliance, but such costs are not adequately 
recovered, you are right that a "choke point " is created. Utilities caught In the 
middle of federal legislation and state regulators have the potential to incur 
substantial economic damage. 

However, as seen in the early to mid-I980's with state-by-state decisions to 
disallow plant costs previously approved when capacity proved significantly 
overbuilt due to erroneous estimates of growth rates, it is impossible to predict 
how each state commission will address the issue. Regardless, there is no way 
to avoid having customers harmed through either higher rates or utility 
setbacks which will affect financing costs. 

d. Aren’t PUCs political bodes, either directly elected by the voters or beholden to 
their governors who certainly are elected by the voters? What makes you think 
that PUCs which routinely reject rate increases of a few dollars per customer 
are going to accept the responsibility for imposing the enormous costs of the 
Boxer cap and trade regime and the job losses and economic dislocation that 
these costs will create in their states? 

Answer: 

My experience has shown me that in most instances stale commissioners make 
a decision based an the law and the facts in record, even when such a decision 
is politically unpopular. As a result, I think utilities are, at least initially, highly 
likely to receive cost recovery for expenses directly related to securing 
sufficient carbon allowances. I do believe there will he substantially more 
uncertainty surrounding recovery for investments in two areas, however. 

First, a cap-and-trade mechanism may cause already existing infrastructure 
(e.g., "dirty ” generation and the transmission facilities used to serve such 
generation) to be underutilized, and will impose a need to increase rates to 
recover costs as sales diminish. Yes, ratepayers are likely to be highly reticent 
to pay for facilities from which they are no longer receiving a benefit. State 
commissions may determine that such stranded costs are no longer appropriate 
for cost recovery because the utility acted imprudently by constructing such 
facilities in the first place. Such a ruling would be highly likely to result in 
expensive litigation. Second. I expect significant tension over what new 
investments in infrastructure or programs should be used to reduce a utility 's 
carbon footprint and corresponding carbon allowance expense. In states that 



lack pre-prudency review, decisions made by a utility will be subject to a high 
level of regulatory uncertainly. It is a given that the costs of building these 
replacement facilities will be expensive even if they are transitioned over time 
into the generation mix. If these facilities are forced into the mix over a short 
period of time the ratepayer impact will be that much greater, reflective of 
adding a larger percentage of new plant, and the lack of negotiating leverage 
for a high-demand commodity. 

In most case the plants generating the penalties have been in service for many 
years and it would be difficult for any commission to support a claim that the 
decision to build these plants was somehow now imprudent after one or more 
decades of service and no previous mention of imprudency. 


e. What is a utility supposed to do when faced with a federal mandate from the 
Boxer bill and the inability to recover the costs of complying with that mandate 
through its state regulated rates? Will any utility move forward in the absence 
of pre-approval of cost recovery from its PUC? What does this reality mean for 
the compliance time tables imposed by the Boxer bill? Don’t we need an 
escape clause that provides a utility a defense to EPA's penalties if a utility 
does not comply with the Boxer regime due to good faith inability to secure 
cost recovery? 

Answer; 

Utilities do have a mechanism to seek relief when they feel they are denied 
recovery of reasonable and prudent expenses. In every Jurisdiction / have 
knowledge of, they may appeal the commission 's decisions to a state court. If 
the court system rules that such costs may not be recovered from consumers, I 
am unaware of any other option available to utilities except bankruptcy. 

South Dakota utilities have a statutory requirement to serve, and all have gone 
forward in the past to comply with that requirement even without explicit cost 
recovery assurance from the PUC. Time necessary to achieve state approval or 
a favorable court decision will be a concern to utilities, but an additional 
concern in our part of the world is that our utilities generally serve in multiple 
states. Achieving necessary approvals can be difficult, and can also create 
additional costs among states if not all states are on the same page when 
making determinations. 

Escape clauses have been an issue when setting renewable targets as securing 
resources as basic as steel for generation facilities and the large amount of 
new necessary transmission line, and skilled labor to construct can be difficult. 
Issues related to regulatory approval could cause further delay as a standalone 
issue, or as an issue which delays ordering of necessary materials to construct 
generation facilities. 

The Boxer bill purports to limit the number of allowances that any utility can receive to 
the number necessary to offset any increased electricity costs to such company’s retail 
ratepayers, “including increased cost attributable to purchase power costs’* due to the bill 
(see page 663). But I note that with regard to a similar provision in the Waxman-Markey 
bill, EPA concluded that “the provision would be very difficult to implement because it 
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would require a great deal of speeulation. First, the Administrator would need to 
determine (either through projeetion before the year for which allowances are distributed 
or through actual data after the year for which allowances are distributed) the total cost of 
the electricity distributed to its customers each year starting with 2012. Second, the 
Administrator would need to estimate (again either up front or after the year of the 
allowance distribution) what each LDC’s total cost of electricity would be each year in 
the absence of the ACES GHG cap and trade program. Total electricity costs would 
depend on a number of factors that would have to be projected, including the sources and 
amounts of purchased power, the mix of generation of purchased and LDC generated 
power, fuel costs, technology advancements (e.g., in generation), transmission 
constraints, and electricity demand. Any attempt to remove the impact of the cap and 
trade program on these factors and thus on total electricity costs would be speculative at 
best. The Administrator might also have to consider the ability of each LDC to pass 
through these costs to its customers. The difference beAveen these two total cost figures 
for a given year, divided by the market value of an allowance for that year, would be the 
limitation on the amount of allowances that an LDC could be distributed for that year. 

The limitation could be implemented by limiting up front the distribution or by requiring 
the LDC to return later to the Administrator any amount of allowances in excess of the 
limitation. The excess ailowances would be redistributed to other LDCs, but an iterative 
process would be required to ensure that the redistribution of excess aliowanccs would 
not increase any LDC's total allowance distribution above that LDCs limitation. EPA 
notes that the prohibition provision could reward higher costs to LDC retail ratepayers in 
that the higher the level of an LDC's costs, the higher the limitation on the LDC's 
allowance distribution." 

Answer; 

I would agree with the EPA 's conclusion that this provision couid be very speculative. 
Considering the number of factors that would need to be projected with the combined 
uncertainty of each of those factors, the EPA 's determinations would have margins of 
error large enough to make them quite subjective. 

3. Isn't this “Prohibition Against Excess Distributions” provision in the Boxer bill empty 
and useless since it rally creates no basis for effectively limiting unearned and unfair 
windfalls to some utilities that simultaneously deprive other utilities who need the 
allowances of rate impact relief? 

Answer: 

Although I'm not thoroughly familiar with this clause, the EPA 's analysis does not make 
me confident that it does anything to prohibit excess distributions. 

4. Isn’t this “Prohibition Against Excess Distributions” a fraud since it effectively has no 
standard to limit the number of allowances a utility may get? 

Answer; 

Again, although not thoroughly familiar with the clause, the EPA 's analysis seems to 
show that it will not do much to prohibit excess distributions. 
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Senator Boxer. Thank you very much, Mr. Johnson. 

I am going to start with you because you said a few things that 
I want to correct in the record. You talked about being a champion 
of consumers. I am so proud of you for that, because I am consid- 
ered a champion of consumers. I got the award from the Consumer 
Federation of America a while back, and I am very proud of that. 

So, let us talk about that because I would not support a bill that 
was not fair to consumers. Do you know what percentage of the al- 
lowances go to protecting consumers in the Kerry-Boxer bill? 

Mr. Johnson. Well, I have seen different numbers. But I think 
your central point. Madam Chairman, is absolutely right. A lot of 
the allocation revenue does go 

Senator Boxer. Do you know the percent I am talking about? 

Mr. Johnson. I do not. Madam. 

Senator Boxer. OK. It is 70 percent. OK. So, first thing is that 
we are in agreement. Now, it may be at the end of the day it needs 
to be higher to meet your needs. But I do want to make that point 
that, and Senator Klobuchar has been very, she is not here now 
but I want to give her a shout out because she really worked hard 
on that piece, and that is why at the end of the day the costs for 
an average American family is 30 cents a day. 

Now, you also talked about, and I could not agree with your 
more, you do not want people to be dependent on the Federal Gov- 
ernment. Do you want people to be dependent on foreign oil? I 
doubt it. That is a patriotic issue, too. 

So, I think the issue is, how do we do this in the right way where 
we become energy independent, create jobs for our people, and keep 
consumers whole? I think we share those goals. 

Now, I want to work with you and your Senators to make sure 
that this bill meets those standards for your State. But I have to 
say, you know, some of the things you said about a hit on the econ- 
omy of 3 percent is not correct. We even do better than the House 
bill. The House bill, the analysis is one-quarter of a percent in 
2020. And at the end of the day, there will be 250 percent larger 
economy when we get to 2050 instead of a 251 percent. And that 
does not include any of the unforeseen costs that could come. For 
example, if we just had one Katrina a year, that is $100 billion. 

So I think what we need to do, all of us, is to step back from this 
and say, what is best for our country? You and I agree on so many 
principles. We have got to take care of consumers, we have to make 
sure they are treated fairly, we want to create jobs and we want 
to make sure that people can get what they need. 

And that is the whole purpose of our bill. I guess what I want 
to ask the rest of the panel is, the minority witnesses are, you 
know, very concerned about the impact of this on consumers and 
on the economy. I wonder if any of you can sort of repackage your 
enthusiastic statements, because I think it is sort of a gloom and 
doom, frightened of the future type of picture that I get over there, 
so different than the picture that I got from Mr. Izzo, Mr. Law and 
Mr. Crane. So, whoever would like to take the time. 

Mr. Crane. Thank you. Madam Chairman. What I would just 
add on 

Senator Boxer. Where are you headquartered? I did not ask. 

Mr. Crane. Princeton, New Jersey. 
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Senator Boxer. OK. 

Mr. Crane. I would just add two points. First of all, since we 
started studying the impact of various sort of cap and trade re- 
gimes on the economy, I have seen so many different studies, you 
know, linear model progressions and the like, and they all come out 
with extremely different answers. We see them from the Govern- 
ment, we see them within U.S. cap, we have done studies of our 
own. And I would just add two points to the comments you made. 

First, the one thing that has been common to all studies is what 
you assume about how many nuclear power plants and how much 
success we have in deploying clean coal has a huge impact on the 
outcome, particularly in the 2020 to 2040 factor. So that, to me, is 
a really important part of the overall package. 

The second point I would make. Madam Chairman, while I have 
seen a lot of studies about cap and trade under the House bill, and 

1 am starting to see it on your Senate bill, what we have not seen 
is what the impact on our economy is going to be if we allow the 
EPA to act to regulate carbon. And from my perspective, while we 
are unable to quantify that right now, the consequences of that are 
very worrisome to our company. 

Senator Boxer. Please, Mr. Izzo. 

Mr. Izzo. We, too, are worried about customer impacts. We have 
modeled that, and it looks like our customers under the EPA num- 
bers could see anywhere from a 5 to 6 percent rate increase by 
2015. And those are customers who are already probably paying a 
lot more than other parts of the country which will see a greater 
percentage increase, but at the end of the day will still be paying 
a lot less for their electricity. 

We never dispute that this legislation will cause an increase in 
electric rates. By increasing the allocations to consumers, you miti- 
gate against that. We will be cleaning the air, we will be making 
the world a better place, and we will be investing, and I know of 
no investment that comes freely, we will be investing in job cre- 
ation. We say that from experience. We have created those jobs al- 
ready under the RGGI regime in the 

Senator Boxer. So, in other words, the person, I see South Da- 
kota here under the House bill, the average consumer would pay 
$5 a month more. That is the average. We think we have made 
that slightly better. Maybe it is at $4 or $4.50 for your people. 

But if that same person gets a job, we anticipate the creation of 

2 million jobs, I think that is a very good solution if we go into this 
clean energy future. 

Mr. Law and Mr. Keohane, if you want to add. And then we will 
go to Senator Inhofe, and I will give him an extra minute for his 
questions. 

Mr. Law. Yes, Senator, I think that something that people need 
to distinguish is the difference between rates and bills. There are 
a lot of things that go into the rates that the utilities have and the 
goal of the programs, and the legislation, to become smarter with 
the energy that we use, and more efficient, is to help our customers 
lower their bills. 

So there is not a lot we can do about rates in terms of a lot of 
our costs are fixed. But we can try to help our customers lower 
their bills by 
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Senator Boxer. By being energy efficient. That is your point. 

Mr. Law. Exactly. Exactly. 

Senator Boxer. That is a really important point. 

Mr. Keohane. I want to build on that point and make a couple 
of very quick other ones. Eirst, the EPA in its analysis of the House 
legislation actually estimated savings of household utility bills. 
Now that reflects, like any modeling result, that reflects the as- 
sumption that went into the analysis. But I think the point that 
makes is that, when you look at the best analysis that is out there, 
the most careful analysis that is out there, you get a very different 
picture than what we heard before. 

I also want to just repeat, every credible economic analysis, be- 
cause I have looked at them all, says and shows that we can grow 
our economy very robustly with a cap on carbon. As you said. 
Madam Chair, the economy will be much larger in 2020 and 2030 
and 2050 than it is today, regardless of what we do. What this is 
about is protecting our future and making an investment in the fu- 
ture, but it is something that we can absolutely afford. 

I wanted to say one more thing in response to what Chairman 
Johnson said. This cap is exactly what we need to drive the innova- 
tion and the development of the investment that he mentioned. We 
do not need the Government figuring out which projects to devote 
the money to. We need this system, this market-based system, to 
figure out how to unleash that innovation. 

Senator Boxer. OK, I am going to give Senator Inhofe the extra 
time I used because I feel it is only fair. 

I do want to put in the record for Mr. Johnson and Mr. Hart, 
here is something about the Great Plains, regional climate impacts 
on the Great Plains. Think about this in your mind. Projected 
changes in long-term climate and more frequent extreme events 
such as heat waves, droughts, heavy rainfall will affect many as- 
pects of life in the Great Plains. These include the region’s already 
threatened water resources, essential agricultural and ranching ac- 
tivities, unique natural and protected areas and the health and 
prosperity of its inhabitants. 

So, here is the point. You take the $5 a month that is the aver- 
age that people would pay. You put that into that equation. If we 
can avoid these other disasters from happening, how much better 
their lives will be. Putting a price on carbon creates the incentives 
for all these new technologies that you will be carrying. 

And you are a young man, you will be carrying these out, the en- 
ergy efficiency, as Mr. Law pointed out, that you would get. And 
I think, at the end of the day, it is an exciting story of America 
stepping out and leading the world, not this frightening let us pull 
the cover over our heads because we fear the future. 

And the more I hear from all of the panelists, they are all excel- 
lent, whatever side they are on, whether they are on Senator 
Inhofe’s side or my side, I am coming down to a sense that this is 
about the future versus the past. I love to take the best parts of 
the past. I am getting older. I love the past. I loved the 1950s, the 
1960s, the 1970s. But at the end of the day, it is my grandkids and 
your kids, it is their world. I think if we are not fearful, we can 
do this the right way. But I so appreciate this panel. 

[The referenced document follows:] 
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What is this report? 

This report summarizes the science of climate change 
and the impacts of climate change on the United States, 
now and in the future, ft is largely based on results of 
the U.S. Global Change Research Program (USGCRP),* 
and integrates those results with related research from 
around the world. This report discusses climate-related 
impacts for various societal and environmental sec- 
tors and regions across the nation. It is an authoritative 
scientific report written in plain language, with the goal 
of better informing public and private decision making 
at all levels. 


Who called for it, who wrote it, and who 
approved it? 

The USGCRP called for this report. An expert team of 
scientists operating under the authority of the Federal 
Advisory Committee Act. assisted by communication 
specialists, wrote the document. The report was exten- 
sively reviewed and revised based on comments from 
experts and the public. The report was approved by its 
lead USGCRP Agency, the National Oceanic and Atmo- 
spheric Administration, the other USGCRP agencies, 
and the Committee on the Environment and Natural Re- 
sources on behalf of the National Science and Technol- 
ogy Council.’’ This report meets all Federal requirements 
associated with the Information Quality Act. including 
those pertaining to public comment and transparency. 


What are its sources? 

The report draws from a large body of scientific i n- 
formation. The foundation of this report is a set of 21 
Synthesis and Assessment Products (SAPs), which were 
designed to address key policy-relevant issues in climate 
science (see page 161); several of these were also sum- 
marized in the Scientific Assessment of the Effects oj 
Climate Change on the United States published in 2008. 
In addition, other peer-reviewed scientific assessments 
were used, including those of the Intergovernmental 
Panel on Climate Change, the U.S. National Assessment 
of the Consequences of Climate Variability and Change, 
the Arctic Climate Impact Assessment, the National 
Research Council’s Transportation Research Board 
report on the Potential Impacts of Climate Change on 
U.S. Transportation, and a variety of regional climate 
impact assessments. These assessments were augmented 
with government statistics as necessary (such as popula- 
tion cemsus and energy usage) as well as publicly avail- 
able observations and peer-reviewed research published 
through the end of 2008. This new work was carefully 
selected by the author team with advice from expert re- 
viewers to update key aspects of climate change science 
relevant to this report. The icons on the bottom of this 
page reprc.scnt some of the major sources drawn upon 
for this synthesis report. 

On the first page of each major section, the sources 
primarily drawn upon for that section are shown using 
these icons. Endnotes, indicated by superscript numbers 
and compiled at the end of the book, are used for specific 
references throughout the report. 





ee pjge 161 for descriptions of these sources. 


flic 11. S, Giohal Change Researcli I’rogran? (USGCRP). %vWch was estaWished in J990 by the Global Change Rtsearch Aet. encompasses the Climate Change 
Science Program (CCSP) 

.A description of ilic National Science and Technology Council (NSTC) can be found ^ vvww.ostp.gov/cs/nslc. 
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U.S. Giobal Change Research Program 


Does this report deal with options for 
responding to climate change? 


While the primary focus of this report is on the 
impacts of climate change in the United States, 
it also deals with some of the actions society is 
already taking or can take to respond to the climate 
challenge. Responses to climate change fall into two 
broad categories. The first involves ‘‘mitigation” 
measures to reduce climate change by, for example, 
reducing emissions of heat-trapping gases and par- 
ticles, or increasing removal of heat-trapping gases 
from the atmosphere. The second involves “adapta- 
tion” measures to improve our ability to cope with 
or avoid harmful impacts and take advantage of 
beneficial ones, now and in the future. Both of these 
are necessary elements of an effective response 
strategy. These two types of responses are linked in 
that more effective mitigation measures reduce the 
amount of climate change, and therefore the need 
for adaptation. 


This report underscores the importance of mitiga- 
tion by comparing impacts resulting from higher 
versus lower emissions scenarios. The report shows 
that choices made about emissions in the next few 
decades will have far-reaching consequences for 
climate change impacts. Over the long term, lower 
emissions will lessen both the magnitude of climate 
change impacts and the rate at which they appear. 

While the report underscores the importance of 
mitigation as an essential part of the nation ‘s climate 
change strategy, it does not evaluate mitigation 
technologies or undertake an analysis of the ef- 
fectiveness of various approaches. These issues are 
the subject of ongoing studies by the U.S. Oovern- 
menl's Climate Change Technology Program and 
several federal agencies including the Department 
of Energy, Environmental Protection Agency. 
National Oceanic and Atmospheric Administration, 
Department of Transportation, and Department of 
Agriculture. The range of mitigation responses be- 
ing studied includes more efficient production and 
use of energy, increased use of non-carbon-emitting 
energy sources, and carbon capture and storage. 

Adaptation options also have the potential to moder- 
ate harmful impacts of current and future climate 
variability and change. While this report does ad- 
dress adaptation, it does not do so comprehensively. 


Global Climate Change Impacts in the United States 


Rather, in the context of impacts, this report identi- 
fies examples of actions currently being pursued 
in various sectors and regions to address climate 
change, as well as other environmental problems 
that could be exacerbated by climate change such as 
urban air pollution and heat waves. In most cases, 
there is currently insufficient peer-reviewed infor- 
mation to evaluate the practicality, effectiveness, 
costs, or benefits of these measures, highlighting a 
need for research in this area. Thus, the discussion 
of various public and private adaptation examples 
should not be viewed as an endorsement of any 
particular option, but rather as illustrative examples 
of approaches being tried. 


How is the likelihood of various 
outcomes expressed given that the 
future is not certain? 

When it is considered necessary to express a range 
of possible outcomes and identify the likelihood 
of particular impacts, this report takes a plain- 
language approach to expressing the expert judg- 
ment of the author team based on the best available 
evidence. For example, an outcome termed “likely" 
has at least a two-thirds chance of occurring; an 
outcome termed "very likely.” at least a 90 percent 
chance.' In using these terms, the Federal Advisory 
Committee has taken into consideration a wide 
range of Information, including the strength and 
consistency of the observed evidence, the range and 
consistency of model projections, the reliability of 
particular models as tested by various methods, and 
most importantly, the body of work addressed in 
earlier synthesis and assessment reports. Key sourc- 
es of information used to develop these character- 
izations of uncertainty are referenced in endnotes. 


How does this report address 
incomplete scientific understanding? 

This assessment identifies areas in which scientific 
uncertainly limits our ability to estimate future 
climate change and its impacts. The section on An 
Agenda for Climate Impacts Science at the end of 
this report highlights some of these areas. 
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Observations show that warming of the climate is unequivocal. The global 
wanning observed over the past 50 years is due primarily to human-induced 
emissions of heat-trapping gases. These emissions come mainly from the 
burning of fossil fuels (coal, oil, and gas), with important contributions from 
the clearing of forests, agricultural practices, and other activities. 

Warming over this century is projected to be considerably greater than 
over the last century. The global average temperature since 1900 has risen 
by about By 2100, it is projected to rise another 2 to 11.5°F. The U.S. 
average temperature has risen by a comparable amount and is very likely 
to rise more than the global average over this century, with some variation 
from place to place. Several factors will determine future temperature 
increases. Increases at the lower end of this range are more likely if global 
heat-trapping gas emissions are cut substantially. If emissions continue to 
rise at or near current rates, temperature increases are more likely to be near 
the upper end of the range. Volcanic eruptions or other natural variations 
could temporarily counteract some of the human-induced warming, slowing the rise in global 
temperature, but these effects would only last a few years. 


Reducing emissions of carbon dioxide would lessen warming over this century and beyond. Siz- 
able early cuts in emissions would significantly reduce the pace and the overall amount of climate 
change. Earlier cuts in emissions would have a greater effect in reducing climate change than com- 
parable reductions made later. In addition, reducing emissions of some shorter-lived heat-trapping 
gases, such as methane, and some types of particles, such as soot, would begin to reduce warming 
within weeks to decades. 


Climate-related changes have already been observed globally and in the United States. These 
include increases in air and water temperatures, reduced frost days, increased frequency and Inten- 
sity of heavy downpours, a rise in sea level, and reduced snow cover, glaciers, permafrost, and sea 
ice. A longer ice-free period on lakes and rivers, lengthening of the growing season, and increased 
water vapor in the atmosphere have also been observed. Over the past 30 years, temperatures have 
risen faster in winter than in any other season, with average winter temperatures in the Midwest 
and northern Great Plains increasing more than 7®F. Some of the changes have been faster than 
previous assessments had suggested. 

These climate-related changes are expected to continue while new ones develop. Likely future 
change.s for the United States and surrounding coastal waters include more intense hurricanes with 
related increases in wind. rain, and storm surges (but not necessarily an increase in the number of 
these storms that make landfall), as well as drier conditions in the Southwest and Caribbean. These 
changes will affect human health, water supply, agriculture, coastal areas, and many other aspects 
of society and the natural environment. 

This report synthesizes information from a wide variety of scientific assessments (see page 7) and 
recently published research to summarize whjtf is known about the observed and projected conse- 
quences of climate change on the United States. It combines analysis of impacts on various .sectors 
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such as energy, water, and transportation at the 
national level with an assessment of key impacts on 
specific regions of the United States, For example, 
sea-levei rise will increase risks of erosion, storm 
surge damage, and flooding for coastal communi- 
ties, especially in the Southeast and parts of Alaska. 
Reduced snowpack and earlier snow melt will alter 
the timing and amount of water supplies, posing 
significant challenges for water resource manage- 
ment in the West. 


Society and ecosystems can adjust to some climatic 
changes, but this takes time. The projected rapid 
rate and large amount of climate change over this 
century will challenge the ability of society and 
natural systems to adapt. For example, it is difficult 
and expensive to alter or replace infrastructure 
designed to last for decades (such as buildings, 
bridges, roads, airports, reservoirs, and ports) in re- 
sponse to continuous and/or abrupt climate change. 

impacts are expected to become increasingly severe 
for more people and places as the amount of warm- 
ing increases. Rapid rales of warming would lead 
to particularly large impacts on natural ecosystems 
and the benefits they provide to humanity. Some of 
the impacts of climate change will be irreversible, 
such as species extinctions and coastal land lost to 
rising seas. 

Unanticipated impacts of increasing carbon dioxide 
and climate change have already occurred and 
more are possible in the future. For e.xample. it has 
recently been observed that the increase in atmo- 
spheric carbon dioxide concentration is causing an 
increase in ocean acidity. This reduces the ability of 
corals and other sea life to build shells and skeletons 
out of calcium carbonate. Additional impacts in the 
future might stem from unforeseen changes in the 
climate system, such as major alterations in oceans, 
ice, or storms; and unexpected consequences of 
ecological changes, such as massive dislocations 
of species or pest outbreaks. Unexpected social or 
economic changes, including major shifts in wealth, 
technology, or societal priorities would also affect 
our ability to respond to climate change. Both 
anticipated and unanticipated impacts become more 
challenging with increased warming. 


Projections of future climate change come from 
careful analyses of outputs from global climate 
models run on the world's most advanced comput- 
ers. The model simulations analyzed in this report 
used plausible scenarios of human activity that 
generally lead to further increases in heat-trapping 
emissions. None of the scenarios used in this report 
assume.s adoption of policies explicitly designed to 
address climate change. However, the level of emis- 
sions varies among scenarios because of differences 
in assumptions about population, economic activity, 
choice of energy technologies, and other factors. 
Scenarios cover a range of emissions of heat-trap- 
ping gases, and the associated climate projections 
illustrate that lower emissions result in less climate 
change and thus reduced impacts over this century 
and beyond. Under all scenarios considered in 
this report, however, relatively large and sustained 
changes in many aspects of climate are projected by 
the middle of this century, with even larger changes 
by the end of this century, especially under higher 
emissions scenarios. 

In projecting future conditions, there is always 
some level of uncertainty. For example, there Is a 
high degree of confidence in projections that future 
temperature increases will be greatest in the Arctic 
and in the middle of continents. For precipitation, 
there is high confidence in projections of continued 
increases in the Arctic and sub-Arctic (including 
Alaska) and decreases in the regions just outside 
the tropics, but the precise location of the transition 
between these is less certain. At local to regional 
scales and on time frames up to a few years, natural 
climate variations can be relatively large and can 
temporarily mask the progressive nature of global 
climate change. However, the science of making 
skillful projections at these scales has progressed 
considerably, allowing useful information to be 
drawn from regional climate studies such as those 
highlighted in this report. 

This report focuses on observed and projected 
climate change and its impacts on the United States. 
However, a discussion of these issues would be 
incomplete without mentioning some of the actions 
society can take to respond to the climate chal- 
lenge. The two major categories are “mitigation" 
and “adaptation.” Mitigation refers to options for 
limiting climate change by, for example, reducing 
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heat-trapping emissions such as carbon dioxide, 
methane, nitrous oxide, and halocarbons, or re- 
moving some of the heat-trapping gases from the 
atmosphere. Adaptation refers to changes made 
to better respond to present or future climatic and 
other environmental conditions, thereby reducing 
harm or taking advantage of opportunity. Effective 
mitigation measures reduce the need for adaptation. 
Mitigation and adaptation are both essential parts of 
a comprehensive climate change response strategy. 

Carbon dioxide emissions are a primary focus of 
mitigation strategies. These include improving 
energy efficiency, using energy sources that do not 
produce carbon dioxide or produce less of it, captur- 
ing and storing carbon dioxide from fossil fuel use, 
and so on. Choices made about emissions reductions 
now and over the next few decades will have far- 
reaching consequences for climate-change impacts. 
The importance of mitigation is clear in compari- 
sons of impacts resulting from higher versus lower 
emissions scenarios considered in this report. Over 
the long term, lower emissions will lessen both the 
magnitude of climate-change impacts and the rate 
at which they appear. Smaller climate changes that 
come more slowly make the adaptation challenge 
more tractable. 

However, no matter how aggressively heat-trapping 
emissions are reduced, some amount of climate 
change and resulting impacts will continue due to 
the effects of gases that have already been released. 
This is true for several reasons. First, some of these 
gases are very long-lived and the levels of atmo- 
spheric heat-trapping gases will remain elevated for 
hundreds of years or more. Second, the Earth’s vast 
oceans have absorbed much of the heat added to the 
climate system due to the increase in heat-trapping 
gases, and will retain that heat for many decades. 

In addition, the factors that determine emissions, 
such as energy-supply systems, cannot be changed 
overnight. Consequently, there is also a need 
for adaptation. 

Adaptation can include a wide range of activities. 
Examples include a farmer switching to growing 
a different crop variety better suited to warmer or 
drier conditions; a company relocating key busi- 
ness centers away from coastal areas vulnerable 
to sea-level rise and hurricanes; and a community 


altering its zoning and building codes to place fewer 
structures in harm’s way and making buildings 
less vulnerable to damage from floods, fires, and 
other extreme events. Some adaptation options that 
are currently being pursued in various regions and 
sectors to deal with climate change and/or other 
environmental issues are identified in this report. 
However, it is clear that there are limits to how 
much adaptation can achieve. 

Humans have adapted to changing climatic condi- 
tions in the past, but in the future, adaptations will 
be particularly challenging because society won’t be 
adapting to a new steady stale but rather to a rapidly 
moving target. Climate will be continually chang- 
ing, moving at a relatively rapid rate, outside the 
range to which society has adapted in the past. The 
precise amounts and timing of these changes will 
not be known with certainty. 

In an increasingly interdependent world, U.S. 
vulnerability to climate change is linked to the fates 
of other nations. For example, conflicts or mass 
migrations of people resulting from food scarcity 
and other resource limits, health impacts, or envi- 
ronmental stresses in other parts of the world could 
threaten U.S. national security. It is thus difficult to 
fully evaluate the impacts of climate change on the 
United States without considering the consequences 
of climate change elsewhere. However, such analy- 
sis is beyond the scope of this report. 

Finally, this report identifies a number of areas in 
which inadequate information or understanding 
hampers our ability to estimate future climate 
change and its impacts. For example, our knowl- 
edge of changes In tornadoes, hail, and ice storms 
is quite limited, making it difficult to know if 
and how such events have changed as climate has 
warmed, and how they might change in the future. 
Research on ecological responses to climate change 
is also limited, as is our understanding of social 
responses. The section titled An Agenda for Climate 
Impacts Science at the end of this report offers some 
thoughts on the most important ways to improve our 
knowledge. Results from such efforts would Inform 
future assessments that continue building our 
understanding of humanity’s impacts on climate, 
and climate’s impacts on us. 

n 


fc-. 



U.S. Global Change Research Program 


Global Climate Change Impacts in the United States 


Key Findings 


1. Gioba! warming is unequivocal and primarily human-induced. 

Globa! temperature has increased over the past 50 years. This observed increase is due primarily to human- 
induced emissions of heat-trapping gases, (p. 13) 

2. Climate changes are underway in the United States and are projected to grow. 

Climate-related changes are already observed in the United States and its coastal waters. These include increases 
in heavy dow'npours, rising temperature and sea level, rapidly retreating glaciers, thawing permafrost lengthening 
growing seasons, lengthening ice-free seasons in the ocean and on lakes and rivers, earlier snowmelt, and 
alterations in river flows. These changes are projected to grow. (p. 27) 

3. Widespread climate-related impacts are occurring now and are expected to increase. 

Climate changes are already affecting water, energy, transportation, agriculture, ecosystems, and health. These 
impacts are different from region to region and will grow under projected climate change, (p. 41-106, 107-152) 

4. Climate change will stress water resources. 

Water is an issue in every region, but the nature of the potential impacts varies. Drought, related to reduced 
precipitation, increased evaporation, and increased water loss from plants, is an important issue in many regions, 
especially in the West. Floods and water quality problems are likely to be amplified by climate change in most 
regions. Declines in mountain snowpack are important in the West and Alaska where snowpack provides vital 
natural water storage, (p. 41, 129, 135, 139) 

5. Crop and livestock production will be increasingly challenged. 

Many crops show positive responses to elevated carbon dioxide and low levels of warming, but higher levels of 
warming often negatively affect growth and yields. Increased pests, w-ater stress, diseases, and weather extremes 
will pose adaptation challenges for crop and livestock production, (p. 71) 

6. Coastal areas are at increasing risk from sea-level rise and storm surge. 

Sea-level rise and storm surge place many U.S. coastal areas at increasing risk of erosion and flooding, especially 
along the Atlantic and Gulf Coasts, Pacific Islands, and parts of Alaska. Energy and transportation infrastructure 
and other property in coastal areas are very likely to be adversely affected, (p. Ill, 139. 145, 149) 

7. Risks to human health wifi increase. 

Harmful health impacts of climate change are related to increasing heat stress, waterborne diseases, poor air qual- 
ity, extreme weather events, and diseases transmitted by insects and rodents. Reduced cold stress provides some 
benefits. Robust public health infrastructure can reduce the potential for negative impacts, (p. 89) 

8. Climate change will interact with many social and environmental stresses. 

Climate change will combine with pollution, population growth, overuse of resources, urbanization, and other 
social, economic, and environmental stresses to create larger impacts than from any of these factors alone, (p. 99) 

9. Thresholds will be crossed, loading to large changes in climate and ecosystems. 

There are a variety of thre.sholds in the climate system and ecosystems. These thresholds determine, for example, 
the presence of .sea ice and permafrost, and the survival of species, from fish to insect pests, with implications for 
society. With further climate change, the crossing of additional thresholds is expected, (p. 76, 82, 115, 137, 142) 

!0. Future climate change and its impacts depend on choices made today. 

The amount and rate of future climate change depend primarily on current and future human-caused emissions 
of heat-lrapping gases and airborne particles. Responses involve reducing emissions to limit future warming, and 
adapting to the changes that are unavoidable, (p. 25, 29) 
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This introduction to global climate 
change explains very briefly what has 
been happening to the world’s climate 
and why, and what is projected to 
happen in the future. While this report 
focuses on climate change impacts in 
the United States, understanding these 
changes and their impacts requires 
an understanding of the global 
climate system. 

Many changes have been observed in 
global climate over the past century. 
The nature and causes of these changes 
have been comprehensively chronicled 
in a variety of recent reports, such a.s 
those by the Intergovernmental Pane! 
on Climate Change (IPCC) and the 
U.S. Climate Change Science Program 
(CCSP). This section does not intend to 
duplicate these comprehensive efforts, 
but rather to provide a brief synthesis, 
and to integrate more recent work with 
the assessments of the IPCC, CCSP. 
and others, 


800,000 Year Record of Carbon Dioxide Coricentration 
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Analysis of air bubbles crapped in an Antarctic ice core extending back 800,000 years 
documents the Earth's changing carbon dioxide concentration. Over this long period, 
natural factors have caused the atmospheric carbon dioxide concentration to vary 
within a range of about 170 to 300 parts per million (ppm). Temperature-related data 
make clear that these variations have played a central role in determining the global 
climate. As a restrit of human activities, the present carbon dioxide concentration of 
about 385 ppm is about 30 percent above its highest level over at least the last 600,000 
years. In Uie absence of su'ong control measures, emissions projected forthis century 
wtHild result hi the carbon dioxide concentration increasing to a level that is roughly 
2 to 3 times the highest level occurring over the glaclal-interglaoal era that spans the 
fast 800.000 w more years. 
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Human activities have led to large 
increases in heat-trapping gases over 
the past century. 


These emissions are thickening the blanket of 
heat-trapping gases in Earth’s atmosphere, causing 
surface temperatures to rise. 


The Earth’.s climate depends on the functioning of a 
natural “greenhouse effect.” This effect is the result 
of heat-trapping gases (also known as greenhouse 
ga.ses) like water vapor, carbon dioxide, ozone, 
methane, and nitrous oxide, which absorb heat radi- 
ated from the Earth’s surface and lower atmosphere 
and then radiate much of the energy back toward 
the surface. Without this natural greenhouse effect, 
the average surface temperature of the Earth wx5uld 
be about 60°F colder. However, human activities 
have been releasing additional heat-trapping gases, 
intensifying the natural greenhouse effect, thereby 
changing the ESarth’s climate. 

Climate is influenced by a variety of factors, both 
human-induced and natural. The increase In the 
carbon dioxide concentration has been the principal 
factor causing warm ing over the past 50 years. Its 
concentration has been building up in the Earth’s 
atmosphere since the beginning of the industrial 
era in the rnid-1700s, primarily due to the burn- 
ing of fossil fuels (coal, oil, and natural gas) and 
the clearing of forests. Human activities have also 
increased the emissions of other greenhouse gases, 
such as methane, nitrous oxide, and halocarbons.^ 


Heat-trapping gases 

Carbon dioxide concentration has increased due 
to the use of fossil fuels in electricity generation, 
transportation, and industrial and household uses. 

It is also produced as a by-product during the 
manufacturing of cement. Deforestation provides a 
source of carbon dioxide and reduces its uptake by 
trees and other plants. Globally, over the past sev- 
eral decades, about 80 percent of human-induced 
carbon dioxide emissions came from the burning 
of fossil fuels, while about 20 percent resulted from 
deforestation and associated agricultural practices. 
The concentration of carbon dioxide in the atmo- 
sphere has increased by roughly 35 percent since 
the start of the industrial revolution.-’ 

Methane concentration has increased mainly as 
a result of agriculture; raising livestock (which 
produce methane in their digestive tracts); mining, 
transportation, and use of certain fo.ssil fuels; sew- 
age; and decomposing garbage in landfills. About 
70 percent of the emissions of atmospheric methane 
are now related to human activities.^ 

Nitrous oxide concentration is increasing as a re- 
sult of fertilizer use and fossil fuel burning, 
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Increases in concentrations of these gases since 1750 are due to human activities 
in the industrial era. Concentration units are parts per, million (ppm) or parts per 
billion (ppb), indicating the number of molecules of the greenhouse gas per million 
or billion molecules of air. 



Halocarbon emissions come from the 
release of certain manufactured chemi- 
cals to the atmosphere. Examples include 
chlorofluorocarbons (CFCs), which were 
used extensively in refrigeration and for 
other industrial processes before their pre.s- 
ence in the atmosphere was found to cause 
stratospheric ozone depletion. The abun- 
dance of these gases in the atmosphere is 
now decrea.sing as a result of international 
regulations designed to protect the ozone 
layer. Continued decreases in ozone-deplet- 
ing halocarbon emissions are expected to 
reduce their relative influence on climate 
change in the future.’ ’ Many halocarbon 
replacements, however, are potent green- 
house gases, and their concentrations 
are increasing.'’ 
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Ozone is a greenhouse gas, and is continualiy pro- 
duced and destroyed in the atmosphere by chemical 
reactions. In the troposphere, the lowest 5 to 10 
miles of the atmosphere near the surface, human 
activities have increased the ozone concentration 
through the release of gases such as carbon mon- 
oxide, hydrocarbons, and nitrogen oxides. These 
gases undergo chemical reactions to produce ozone 
in the presence of sunlight. In addition to trapping 
heat, excess ozone in the troposphere causes respi- 
ratory illnesses and other human health problems. 

In the stratosphere, the layer above the troposphere, 
ozone exists naturally and protects life on Earth 
from exposure to excessive ultraviolet radiation 
from the Sun. As mentioned previously, halocar- 
bons released by human activities destroy ozone 
in the stratosphere and have caused the ozone hole 
over Antarctica.* Changes in the stratospheric 
ozone layer have contributed to changes in wind 
patterns and regional climates in Antarctica.** 

Water vapor is the most important and abundant 
greenhouse gas in the atmosphere. Human activi- 
ties produce only a very small increase in water 
vapor through irrigation and combustion process- 
es.^ However, the surface warming caused by hu- 
man-produced increases in other greenhouse gases 
leads to an increase in atmospheric water vapor, 
since a warmer climate Increases evaporation and 
allows the atmosphere to hold more moisture. This 
creates an amplifying “feedback loop,” leading to 
more warming. 

Other humon mf/uonces 
In addition to the global-scale climate effects of 
heat-trapping gases, human activities also produce 
additional local and regional effects. Some of these 
activities partially offset the warming caused by 
greenhouse gases, while others increase the warm- 
ing. One such influence on climate is cau-sed by 
tiny particles called “aerosols” (not to be confused 
with aerosol spray cans). For example, the burning 
of coal produces emissions of sulfur-containing 
compounds. These compounds form “sulfate aero- 
sol” particles, which reflect some of the incoming 
sunlight away from the Earth, causing a cooling 
influence at the surface. Sulfate aerosols also tend 
to make clouds more efficient at reflecting sun- 
light. causing an additional indirect cooling effect. 


Another type of aerosol, often referred to as soot 
or black carbon, absorbs incoming sunlight and 
traps heat in the atmosphere. Thus, depending on 
their type, aerosols can either mask or increase the 
warming caused by increased levels of greenhouse 
gases.'* On a globally averaged basis, the sum of 
these aerosol effects offsets some of the warming 
caused by he^-trapping gases."* 

The effects of various greenhouse gases and 
aerosol particles on Earth’s climate depend in part 
on how long these gases and particles remain in 
the atmosphere. After emission, the atmospheric 
concentration of carbon dioxide remains elevated 
for thousands of years, and that of methane for 
decades, while the elevated concentrations of aero- 
sols only persist for days to weeks." '* The climate 
effects of reductions in emissions of carbon dioxide 
and other long-lived gases do not become apparent 
for at least several decades. In contrast, reductions 
in emissions of short-lived compounds can have a 
rapid, but complex effect since the geographic pat- 
terns of their climatic Influence and the resulting 
surface temper<Uure responses are quite different. 
One modeling study found that while the greatest 
emissions of short-lived pollutants in summertime 
by late this century are projected to come from 
Asia, the strongest climate response is projected to 
be over the central United States.'* 

Human activities have aLso changed the land sur- 
face in ways that alter how much heat is reflected 
or absorbed by the surface. Such changes include 
the cutting and burning of forests, the replacement 
of other areas of natural vegetation with agricul- 
ture and cities, and large-scale irrigation. These 
transformations of the land surface can cause local 
(and even regional) warming or cooling. Globally, 
the net effect of these changes has probably been a 
slight cooling of the Earth’s surface over the past 
100 years.'*'* 

Naturai influences 

Two important natural factors also influence cli- 
mate: the Sun and volcanic eruptions. Over the past 
three decades, human influences on climate have 
become increasingly obvious, and global tempera- 
tures have risen sharply. During the same period, 
the Sun’s energy output (as measured by satellites 
since 1979) has followed its historical 11-year cycle 
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of small ups and downs, but with no net increase 
(see figure page 20).'* The two major volcanic erup- 
tions of the past 30 years have had short-term cool- 
ing effects on climate, lasting 2 to 3 years.'’ Thus, 
these natural factors cannot explain the warming of 
recent decades; in fact, their net effect on climate 
has probably been a slight cooling influence over 
this period. Slow changes in Earth’s orbit around 
the Sun and its tilt toward or away from the Sun 
are also a purely natural influence on climate, but 
are only important on timescales from thousands to 
many tens of thousands of years. 


influences, there are also fluctuations in climate 
that occur even in the absence of changes in human 
activities, the Sun, or volcanoes. One example is 
the El Nino phenomenon, which has important 
influences on many aspects of regional and global 
climate. Many other modes of variability have been 
identified by climate scientists and their effects 
on climate occur at the same time as the effects of 
human activities, the Sun, and volcanoes. 


Carbon release and uptake 
Once carbon dioxide is emitted to the atmosphere, 
some of it is absorbed by the oceans and taken up 
by vegetation, although this storage may be tempo- 
rary. About 45 percent of the carbon dioxide emit- 
ted by human activities in the last 50 years is now 
stored in the oceans and vegetation. The 
rest has remained in the air. increasing 
the atmospheric concentration.^'^-’* It is 
thus important to understand not only 
how much carbon dioxide is emitted, 
but also how much is taken up, over 
what time scales, and how these sources 
and “sinks” of carbon dioxide might 
change as climate continues to warm. 
For example, it is known from long 
records of Earth\s climate history that 
under warmer conditions, carbon tends 
to be released, for instance, from thaw- 
ing permafrost, initiating a feedback 
loop in which more carbon release leads 
to more warming which leads to further 
release, and so on. 


The climate changes that have occurred over the 
last century are not solely caused by the human and 
natural factors described above. In addition to these 


Major Warming and Cooling influences on Climate 
1750-2005 


Global emissions of carbon dioxide 
have been accelerating. The growth rale 
increased from 1,3 percent per year in 
the 1990s to 3,3 percent per year be- 
tween 2000 and 2006.^' The increasing 
emissions of carbon dioxide are the pri- 
mary cause of the increased concentra- 
tion of carbon dioxide observed in the 
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The figure above shows the amount of warming influence (red bars) or cooling influence 
(blue bars) that different factors have had on Earth’s climate over the industrial age 
(from about 1750 to the present). Results are in watts per square meter. The longer the 
bar. the greater the influence on climate. The top part of the box includes all the major 
human-induced factors, while the second part of die box includes the Sun. the only 
major natural factor with a long-term effect on climate. The cooling effect of individual 
volcanoes is also natural, but Is relatively short-lived (2 to i years), thus their influence 
is not Included in this figure. The bottom.part of the box shows that the total net effect 
(warming influences minus cooling influences) of human activiti« is a strong warming 
influence. The thin lines on each bar provide an estimate of the range of uncertainty. 


atmosphere. There is also evidence that 
a smaller fraction of the annua! human- 
induced emissions is now being taken 
up than in the past, leading to a greater 
fraction remaining in the atmosphere 
and an accelerating rate of increase in 
the carbon dioxide concentration.-’ 
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As the ocean absorbs carbon dioxide from the 
atmosphere, seawater is becoming less alkaline 
(its pH is decreasing) through a process gener- 
ally referred to as ocean acidification. The pH of 
seawater has decreased significantly since 1750,’“* 
and is projected to drop much more dramatically by 
the end of the century if carbon dioxide concentra- 
tions continue to increase.-'* Such ocean acidifica- 
tion is essentially irreversible over a time scale of 
centuries. As discussed in the Ecosystems sector 
and Coasts region, ocean acidification affects the 
process of calcification by which living things cre- 
ate shells and skeletons, vvith substantial negative 
consequences for coral reefs, mollusks, and some 
plankton species important to ocean food chains.’* 


Global average temperature and sea 
level have increased, and precipitation 
patterns have changed. 

Temperatures aro mmg 
Globa! average surface air temperature has in- 
creased substantially since 1970.-* The estimated 
change in the average temperature of Earth’s 
surface is based on measurements from thousands 
of weather stations, ships, and buoys around the 
world, as well as from satellites. These measure- 
ments are independently compiled, analyzed, and 
processed by different research groups, There are a 
number of important steps in the data processing. 
These include Identifying and adjusting for the ef- 
fects of change.s in the instruments used to measure 
temperature, the measurement times and loca- 
tions, the local environment around the measuring 
site, and such factors as satellite orbital drift. For 
instance, the growth of cities can cause localized 
“urban heat island” effects. 

A number of research groups around the world 
have produced estimates of global-scale changes 
in surface temperature. The warming trend that is 
apparent in ail of these temperature records is con- 
firmed by other independent observations, such as 
the melting of Arctic sea ice, the retreat of moun- 
tain glaciers on every continent,^ reductions in the 
extent of snow cover, earlier blooming of plants 
in spring, and increased melting of the Greenland 
and Antarctic ice sheets.’*--'’ Because .snow and ice 


Global ClimaCG Change 


- Glqbal Temperature and Carbon Dioxide 



Gk>b^ annual average temjjerature (as measured over both land 
and oceans). Red bars indicate temperatures above and blue bars 
indicate temperatures below die average temperature for die period 
1901-2000. The black line shows atmospheric carbon dioxide (GOj) 
concentration in parts per million (ppm). While ther-e isa clear long- 
term global warming trend, each individual year does not show a 
temperature Increase relative to the previous year, and some years 
show greater changes than odiers.“These year-to-year fluctuations 
in temperature are due to natural processes, such as the effects of 
El Ninos. La Ninas, and die eruption of large volcanoes. 




reflect the Sun’s heat, this melting causes more heat 
to be absorbed, which causes more melting, result- 
ing in another feedback loop.-** 

Additionally, temperature measurements above the 
surface have been made by weather balloons since 
the late 1940s, and from satellites since 1979. These 
measurements show warming of the troposphere, 
consistent with the surface warming.*^-*' They also 
reveal cooling in the stratosphere.*® This pattern 
of tropospheric warming and stratospheric cooling 
agrees with our understanding of how atmo.spheric 
temperature would be expected to change in re- 
sponse to increasing greenhouse gas concentrations 
and the observed depletion of stratospheric ozone.*'* 


Precipitation patterns ore changing 
Precipitation is not distributed evenly over the 
globe. Its average distribution is governed primarily 
by atmospheric circulation patterns, the availability 
of moisture, and surface terrain effects. The first 
two of these factors are influenced by temperature. 
Thus, human-caused changes in temperature are 
expected to alter precipitation patterns. 
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Observations show that such shifts are occur- well below freezing, and where increased precipi- 

ring. Changes have been observed in the amount, tation has outpaced melting). The total volume of 

intensity, frequency, and type of precipitation. glaciers on Earth is declining sharply. The progres- 

Pronounced increases in precipitation over the past sive disappearance of glaciers has implications not 

100 years have been observed in eastern North only for the rise in global sea level, but also for 

America, southern South America, and northern water supplies in certain densely populated regions 

Europe. Decreases have been seen in the Mediter- of Asia and South America, 
ranean, most of Africa, and southern Asia. Changes 

in the geographical distribution of droughts and The Earth has major ice sheets on Greenland and 

flooding have been complex. In some regions, there Antarctica. These ice sheets are currently losing 
have been increases in the occurrences of both ice volume by increased melting and calving of 

droughts and floods.-® As the world warms, north- icebergs, contributing to sea-level rise. The Green- 

ern regions and mountainous areas are experienc- land Ice Sheet has also been experiencing record 

ing more precipitation falling as rain rather than amounts of surface melting, and a large increase in 

snowC'* Widespread increases in heavy precipitation the rate of mass loss in the past decade.'*' If the en- 

events have occurred, even in places where total tire Greenland Ice Sheet melted, it would raise sea 

rain amounts have decreased. These changes are level by about 20 feet. The Antarctic Ice Sheet con- 

associated with the fact that warmer air holds more sists of two portions, the West Antarctic Ice Sheet 
water vapor evaporating from the world’s oceans and the East Antarctic Ice Sheet. The West Antarc- 

and land surface.'’ This increase in atmospheric tic Ice Sheet, the more vulnerable to melting of the 

water vapor has been observed from satellites, and two, contains enough water to raise global sea lev- 

is primarily due to human influences.'*'® els by about 16 to 20 feet.‘® If the East Antarctic Ice 

Sheet melted entirely, it would raise global sea level 

Sea level is rising by about 200 feet. Complete melting of these ice 

After at least 2,000 years of little change, sea level sheets over this century or the next is thought to be 

rose by roughly 8 inches over the past century. virtually impossible, although past climate records 

Satellite data available over the past 15 years show provide precedent for very significant decreases in 

sea level rising at a rate roughly double the rate ice volume, and therefore increases in sea level.'*- ''' 

observed over the past century." 

There are two principal ways in which 
global warming causes sea level to 
rise. First, ocean water expands as it 
warms, and therefore takes up more 
space. Warming has been observed in 
each of the world’s major ocean basins, 
and has been directly linked to human 
influences.'*-" 

Second, warming leads to the melting 
of glaciers and ice sheets, which raises 
sea level by adding water to the oceans. 

Glaciers have been retreating worldwide 
for at least the last century, and the 
rate of retreat has increased in the past 
decade."'*" Only a few glaciers are actu- 
ally advancing (in locations that were 


Cumulative Decrease in Global Giacier Ice 





As temperatures have risen, glaciers around the world have shrunk. The graph 
shows the cumulative decline in giacier ice worldwide. 
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The global warming of the past SO years 
is due primarily to human-induced 
increases In heat-trapping gases. Human 
“fingerprints” also have been Identified 
in many other aspects of the climate 
system, including changes in ocean heat 
content, precipitation, atmospheric 
moisture, and Arctic sea ice. 

In 1996, the IPCC Second Assessment Report’"* 
cautiously concluded that “'the balance of evi- 
dence suggests a discernible human influence on 
global climate.” Since then, a number of national 
and international assessments have come to much 
stronger conclusions about the reality of human 
effects on climate. Recent scientific assessments 
find that most of the warming of the Earth’s .surface 
over the past 50 years has been caused by human 
activities.'*-'-'*'’ 

This conclusion rests on multiple lines of evi- 
dence. Like the warming “'signal” that has gradu- 
ally emerged from the ““noise” of natural climate 
variability, the scientific evidence for a human 
influence on global climate has accumulated over 
the past several decades, from many hundreds of 
studies. No single study is a “smoking gun.” Nor 
has any single study or combination of studies 
undermined the large body of evidence supporting 
the conclusion that human activity is the primary 
driver of recent warming. 

The first line of evidence is our basic physical 
understanding of how greenhouse gases trap heat, 
how the climate system responds to increase.^ tn 
greenhouse gases, and how other human and natu- 
ral factors influence climate. The second line of ev- 
idence is from indirect estimates of climate changes 
over the last 1,000 to 2,000 years. These records are 
obtained from living things and their remains (like 
tree rings and corals) and from physical quantities 
(like the ratio between lighter and heavier isotopes 
of o.xygen in ice cores) which change in measurable 
ways as climate changes. The lesson from these 
data is that global surface temperatures over the 
last several decades are clearly unusual, in that they 
were higher than at any time during at least the 
past 400 years."*’^ For the Northern Hemisphere, the 
recent temperature rise is clearly unusual in at least 
the last 1,000 years.'*'^-'*'* 


The third line of evidence is based on the broad, 
qualitative consistency between observed changes 
in climate and the computer model simulations 
of how climate would be expected to change in 
response to human activities. For example, when 
climate models are run with historical increases 
in greenhouse gases, they show gradual warming 
of the Earth and ocean surface, increases in ocean 
heat content and the temperature of the lower atmo- 
sphere, a rise in global sea level, retreat of 
sea ice and snow cover, cooling of the stratosphere, 
an increase in the amount of atmospheric water 
vapor, and changes in large-scale precipitation and 
pressure patterns. These and other aspects 
of modeled climate change are in agreement 
with observations.'^'^ 

Finally, there is extensive statistical evidence 
from so-called “fingerprint” studies. Each fac- 
tor that affects climate produces a unique pattern 
of climate response, much as each person has a 
unique fingerprint. Fingerprint studies exploit these 
unique signatures, and allow detailed comparisons 
of modeled and observed climate change patterns.'*'* 
Scientists rely on such studies to attribute observed 
changes in climate to a particular cause or set of 
causes. In the real world, the climate changes that 
have occurred since the start of the Industrial Revo- 
lution are due to a complex mixture of human and 
natural causes. The importance of each individual 
influence in this mixture changes over time. Of 
course, there are not multiple Earths, which would 
allow an experimenter to change one factor at a 
time on each Earth, thus helping to isolate different 
fingerprints. Therefore, climate models are used 
to study how individual factors affect climate. For 
example, a single factor (like greenhouse gases) or 
a set of factors can be varied, and the response of 
the modeled climate system to these individual or 
combined changes can thus be studied.” 

For example, when climate model simulations of 
the last century include all of the major influences 
on climate, both human-induced and natural, they 
can reproduce many important features of observed 
climate change patterns. When human influences 
are removed from the model experiments, results 
suggest that the surface of the Earth would actu- 
ally have cooled slightly over the last 50 years. The 
clear message from fingerprint studies is that the 
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Separating Human and 
Natural Influences on Climate 



Year 

1 Models JSing only natural i&Ois 
Models usmg both natural and human forces 
Hejeii ft oi.^* 

The blue band shows how global average temperatures would 
have changed due to natural forces only, as simulated by cliiiiate 
models. The red band shows model projections of the effects 
of human and natural forces combined. The black line shows 
actual observed global average temperatures. As d)e blue band 
Indicates, without human influences, temperature over the 
past century would actually have first wanned and then cooled 
slightly over recent decades.^ 

observed warming over the last half-century can- 
not be explained by natural factors, and is instead 
caused primarily by human factors.”-^ 


tern of atmospheric temperature changes, with its 
pronounced cooling in the stratosphere, is therefore 
inconsistent with the hypothesis that changes in the 
Sun can explain the warming of recent decades. 
Moreover, direct satellite measurements of solar 
output show slight decreases during the recent 
period of warning. 

The earliest fingerprint work^' focused on changes 
in surface and atmospheric temperature. Scientists 
then applied fingerprint methods to a whole range 
of climate variables,'“-^- identifying human-caused 
climate signals in the heat content of the oceans,^*-'" 
the height of the tropopause^^ (the boundary be- 
tween the troposphere and stratosphere, which has 
shifted upward by hundreds of feet in recent de- 
cades), the geographical patterns of precipitation. 
drought,” surface pressure,” and the runoff from 
major river basins.” 

Studies published after the appearance of the 
IPCC Fourth Assessment Report in 2007 have also 
found human fingerprints in the increased levels of 
atmospheric moisture^-'-” (both close to the surface 
and over the full extent of the atmosphere), in the 


Another fingerprint of human effects on 
climate has been identified by looking at a 
.slice through the layers of the atmosphere, and 
studying the pattern of temperature changes 
from the surface up through the stratosphere. 
In ail climate models, increases in carbon di- 
oxide cause warming at the surface and in the 
troposphere, but lead to cooling of the strato- 
sphere. For straightforward physical reasons, 
models also calculate that the human-caused 
depletion of stratospheric ozone has had a 
strong cooling effect in the stratosphere. There 
is a good match between the model fingerprint 
in response to combined carbon dioxide and 
ozone changes and the observed pattern of tro- 
pospheric warming and stratospheric cooling 
(see figure on ne.xt page).'"* 

In contrast, if most of the observed tempera- 
ture change had been due to an increase in 
solar output rather than an increase in green- 
house gases, Earth’s atmosphere would have 
warmed throughout its full vertical extent, 
including the stratosphere.*’ The observed pat- 


Measurements of Surface Temperature 
and Sun’s Energy 



The Sun’s energy received at the top of Earth’s atmosphere has 
been measured by satellites since 1978. It has followed its natural 
• ll-year cycle of small ups and downs, but with no net increase 
(bottom). Over the same period, globaf temperature has risen 
markedly (top).*® 
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deciine of Arctic sea ice extent,*' and in the In the tropics, dl models predicted that with a rise in 

patterns of changes in Arctic and Antarctic greenhouse gases, the troposphere would be expected 

surface temperatures/’- to warm more rapidly than the surface. Observa- 

tions from weather balloons, satellites, and surface 

The message from this entire body of work is that thermiMneters seemed to show the opposite behavior 
the climate system is telling a consistent story (more rapid warming of the surface than the tropo- 

of increasingly dominant human influence - the sphere). This issue was a stumbling block in our un- 
changes in temperature, ice extent, moisture, and derstanding of the causes of climate change. It is now 

circulation patterns fit together in a phy.sically con- largely resolved.’’ Research showed that there were 
sistent way, like pieces in a complex puzzle. lai^e uncertainties in the satellite and weather balloon 

data. When uncertainties in models and observations 
Increasingly, this type of fingerprint work is shift- are properly accounted for, newer observational data 
ing its emphasis. As noted, clear and compelling sets (with better treatment of known problems) are in 

scientific evidence supports the case for a pro- agreement with climate model results.” ” ’’ 

nounced human influence 

on global climate. Much Patterns of Temperature Change 

ofthe recent attention is Produced by Various Atmospheric Factors, 1958-1999 


now on climate changes at 
continental and regional 
scales/”*’*^ and on variables 
that can have large impacts 
on societies. For example, 
scientists have established 
causal links between human 
activities and the changes in 
snowpack, maximum and 
minimum temperature, and 
the seasonal timing of runoff 
over mountainous regions of 
the western United Slates.” 
Human activity is likely 
to have made a substantial 
contribution to ocean surface 
temperature changes in hur- 
ricane formation region-s/*’*® 
Researchers are also looking 
beyond the physical climate 
system, and are begin- 
ning to tie changes in the 
distribution and seasonal 
behavior of plant and animal 
.species to human-caused 
changes in temperature and 
precipitation.*'’'’'^ 



ToUi liftew Change Over 1S58- 1S93 (T) 


For over a decade, one aspect 
of the climate change story 
seemed to show a signifi- 
cant difference between 
models and observations.'' 


' Mociitifd frcim CeSP .SAP l.i*-' 


Climate simulations ofthe vertical profile of temperature change due to various factors, and the effect 
due to ait factors taken together. The panels above represent a cross-section of the atmosphere from 
the north pole to the south pole, and the surface up Into the stratosphere. The black lines show 

the location of the o-opopause, the boundary between die lower atmosphere (troposphere) and the 
stratosphere. - ' 
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This does not mean, however, that al! remain- 
ing differences between models and observations 
have been resolved. The observed changes in some 
climate variables, such as Arctic sea ice,®'-’® some 
aspects of precipitation,^ ” and patterns of surface 
pressure,^® appear to be proceeding much more 
rapidly than models have projected. The reasons for 
these differences are not well understood. Never- 
theless. the bottom-line conclusion from climate 
fingerprinting is that most of the observed changes 
studied to date are consistent with each other, and 
are also consistent with our scientific understand- 
ing of how the climate system would be expected 
to respond to the increase in heat-trapping gases 
resulting from human activities. 

Scientists are sometimes asked whether extreme 
weather events can be linked to human activities.*'' 
Scientific research has concluded that human influ- 
ences on climate are indeed changing the likelihood 
of certain types of extreme events. Fore.xample, 
an analysis of the European summer heat wave of 
2003 found that the risk of such a heat wave is now 
roughly four limes greater than it would 
have been in the absence of human-induced 
climate change.®*-’® 

Like fingerprint work, such analyses of human- 
caused changes in the risks of extreme events rely 
on information from climate models, and on our 
understanding of the physics of the climate system. 
All of the models used in this work have imperfec- 
tions in their representation of the complexities of 
the ‘Teal world" climate system,”-®° The.se are due 
to both limits in our understanding of the climate 
system, and in our ability to represent its com- 
plex behavior with available computer resources. 
Despite this, models are extremely useful, for a 
number of reasons. 

First, despite remaining imperfections, the current 
generation of climate models accurately portrays 
many important aspects of today’s weather pat- 
terns and climate.”-®® Models are constantly being 
improved, and are routinely tested against many 
observations of Earth’s climate system. Second, 
the fingerprint work shows that models capture not 
only our present-day climate, but also key features 
of the observed climate changes over the past cen- 
tury.'” Third, many of the large-scale observed cli- 


mate changes {such as the warming of the surface 
and troposphere, and the increase in the amount 
of moisture in the atmosphere) are driven by very- 
basic physics, which is well-represented in mod- 
els.®^ Fourth, climate models can be used to predict 
changes in climate that can be verified in the real 
world. E.xamples include the short-term global 
cooling subsequent to the eruption of Mount Pi- 
natubo and the stratospheric cooling with increas- 
ing carbon dioxide. Finally, models are the only 
tools that exist for trying to understand the climate 
changes likely to be experienced over the course of 
this century. No period in Earth’s geological history 
provides an exact analogue for the climate condi- 
tions that will unfold in the coming decades.-® 


Global temperatures are projected to 
continue to rise over this century; by 
how much and for how long depends 
on a number of factors, including the 
amount of heat-trapping gas emissions 
and how sensitive the climate is to 
those emissions. 

Some continued warming of the planet is projected 
over the next few decades due to past emissions. 
Choices made now will influence the amount of fu- 
ture warming. Lower levels of heat-trapping emis- 
sions will yield less future wanning, while higher 
levels will result in more wanning, and more severe 
impacts on society and the natural world. 

Emissions scenarios 

The IPCC developed a .set of scenarios in a Special 
Report on Emissions Scenarios (SRES).®' These 
have been extensively used to explore the potential 
for future climate chajige. None of these scenarios, 
not even the one called ‘’lower", includes imple- 
mentation of policies to limit climate change or 
to stabilize atmospheric concentrations of heat- 
trapping gases. Rather, differences among these 
scenarios are due to different assumptions about 
changes in population, rate of adoption of new 
technologies, economic growth, and other factors. 

The IPCC emission scenarios also do not encom- 
pass the full range of possible futures: emissions 
can change less than those scenarios imply, or they 
can change more. Recent carbon dioxide emissions 
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are, in fact, above the highest emissions scenario 
deveioped by the IPCC®- (see figure below). Wheth- 
er this will continue is uncertain. 


it has been estimated that atmospheric concentra- 
tion of carbon dioxide would need to stabilize in 
the long term at around today’s levels.** ®** 


There are also lower possible emissions paths than 
those put forth by the IPCC. The Framework Con- 
vention on Climate Change, to which the United 
States and 191 other countries are signatories, 
calls for stabilizing concentrations of greenhouse 
gases in the atmosphere at a level that would avoid 
dangerous human interference with the climate 
system. What exactly constitutes such interference 
is subject to interpretation. 

A variety of research studies suggest that a further 
2°F increase (relative to the 1980-1999 period) 
would lead to severe, widespread, and irreversible 
impacts.®®'®^ To have a good chance (but not a guar- 
antee) of avoiding temperatures above those levels. 


Reducing emissions of carbon dioxide would re- 
duce warming over this century and beyond. Imple- 
menting sizable and sustained reductions in carbon 
dioxide emissions as soon as possible would signif- 
icantly reduce the pace and the overall amount of 
cHm^e change, and would be more effective than 
reductions of the same size initiated later. Reducing 
emissions of some shorter-lived greenhouse gases, 
such as methane, and some types of particles, such 
as soot, would begin to reduce the warming influ- 
ence within weeks to decades.” 

The graphs below show emissions scenarios and 
resulting carbon dioxide concentrations for three 
IPCC scenarios*'®'" and one stabilization scenario.^^ 


Scenarios of Future Carbon Dioxide 
Global Emissions and Concentrations 


Carbon from Fossil Fuel COj Ef™8Sior>s 


Almo^lteric CO, Concantralions 



Year 


Nikjienovi.; and Swsrc: Cla'kB r.foi.: Mai-hnC et nl: Tsns®^ 


The graphs show recent and projected global emissions of carbon dioxide in gigatons of carbon, on the left, and atmospheric 
concentrations on the right under five emissions scenarios. The top three in the key are IPCG scenarios that assume no explicit 
climate policies (these are used in mode! projections that appear throughout tiiis report). The bottom line is a “«abilization 
scenario.” designed to Stabilize atmospheric carbon dioxide concenwatton at 450 pares per million. The inset expanded below 
these charts shows emissions for 1990-2010 under the three IPCC scenarios along with actual emissions to 2007 (in black). 
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The stabilization scenario is aimed at stabilizing 
the atmospheric carbon dioxide concentration at 
roughly 450 parts per million (ppm); this is 70 ppm 
above the 2008 concentration of 385 ppm. Result- 
ing temperature changes depend on atmospheric 
concentrations of greenhouse gases and particles 
and the climate’s sensitivity to those concentra- 
tions.®’ Of those shown on the previous page, only 
the 450 ppm stabilization target has the potential to 
keep the global temperature rise at or below about 
3.5°F from pre-industrial levels and 2°F above the 
current average temperature, a level beyond which 
many concerns have been raised about dangerous 
human interference with the climate system.** *’ 
Scenarios that stabilize carbon dioxide below 450 
ppm (not shown in the figure) offer an increased 
chance of avoiding dangerous climate change.**-*’ 

Carbon dioxide is not the only greenhouse gas of 
concern. Concentrations of other heat-trapping 
gases like methane and nitrous oxide and particles 
like soot will also have to be stabilized at low 
enough levels to prevent global temperatures from 
rising higher than the level mentioned above. When 
these other gases are added, including the offsetting 
cooling effects of sulfate aerosol particles, analyses 
suggest that stabilizing concentrations around 400 
parts per million of “equivalent carbon dioxide*’ 
would yield about an 80 percent chance of avoid- 
ing exceeding the 2°F above present temperature 
threshold. This would be true even if concentra- 
tions temporarily peaked as high as 475 parts per 
million and then stabilized at 400 parts per million 
roughly a century iater.’^**-*’”"’^ Reductions in 
sulfate aerosol particles would necessitate lower 
equivalent carbon dioxide targets. 

Rising global temperature 
All climate models project that human-caused 
emissions of heat-trapping gases will cause further 
warming in the future. Based on scenarios that 
do not assume explicit climate policies to reduce 
greenhouse gas emissions, giobal average tempera- 
tu re is projected to rise by 2 to 1 1 .5®F by the end 
of this century’" (relative to the 1980-1999 time 
period). Whether the actual warming in 2100 will 
be closer to the low or the high end of this range 
depends primarily on two factors; first, the fu- 
ture level of emissions of heat-trapping gases, and 
second, how sensitive climate is to past and future 


emissions. The range of possible outcomes has 
been explored using a range of different emissions 
scenarios, and a variety of climate models that en- 
compass the known range of climate sensitivity. 

Changing precipitation patterns 
Projections of changes in precipitation largely 
follow recently observed patterns of change, with 
overall increases in the global average but substan- 
tial shifts in where and how precipitation falls.’" 
Generally, higher latitudes are projected to receive 
more precipitation, while the dry belt that lies just 
outside the tropics expands further poleward,’*’ ” 
and also receives less rain. Increases in tropical 
precipitation are projected during rainy seasons 
(such as monsoons), and especially over the tropical 
Pacific. Certain regions, including the U.S. West 
(especially the Southwest) and the Mediterranean, 
are expected to become drier. The widespread 
trend toward more heavy downpours is expected to 
continue, with precipitation becoming less frequent 
but more intense.”" More precipitation is expected 
to fall as rain rather than snow. 

Currently rare extreme events are becoming 
more common 

In a warmer future climate, models project there 
will be an increased risk of more intense, more 
frequent, and longer-lasting heat waves.’" The 
European heat wave of 2003 is an example of the 
type of extreme heat event that is likely to become 
much more common If greenhouse gas einis-sions 
continue to increase, by the 2040s more than half 
of European summers will be hotter than the 
summer of 2003, and by the end of this century, a 
summer as hot as that of 2003 will be considered 
unusually cool.’* 

Increased extremes of summer dryness and winter 
wetness are projected for much of the globe, mean- 
ing a generally greater risk of droughts and floods. 
This has already been observed,” and is projected 
to continue. In a warmer world, precipitation tends 
to be concentrated into heavier events, with longer 
dry periods in between.'**’ 

Models project a general tendency for more intense 
but fewer storms overall outside the tropics, with 
more extreme wind events and higher ocean waves 
in a number of regions in association with those 
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storms. Models also project a shift of storm tracks 
toward the poles in both hemispheres.^ 

Changes in hurricanes are difficult to project be- 
cause there are countervailing forces. Higher ocean 
temperatures lead to stronger storms with higher 
wind speeds and more rainfall.'’^ But changes in 
wind speed and direction with height are also pro- 
jected to increase in some regions, and this tends 
to work against storm formation and growth.^''®' It 
currently appears that stronger, more rain-produc- 
ing tropical storms and hurricanes are generally 

Global Average Temperature 

1900 to 2100 



Observed and projected changes in the global average 
temperature under three IPCC no-p6ticy emissions 
scenarios, the shaded areas show the (ikely ranges 
while the lines show the central projections from a set 
of climate models. A wider range of model types shows 
outcomes from 2 tO i i.S'F.” Changes are relative to the 
l9604979averaie. 

Global Increase in Heavy Precipitation 

.. . 1900to.2100. 



CH(P5-A” 


Simulated and, projected changes in the amount of 
precipitation failing in the heaviest 5 percent of daily 
events. The shaded areas show the likely ranges vyhite the 
lines show the central projections from a set of climate 
models. Changes are relative to the 1960-1979 average.- 


more likely, though more research is required on 
these issues.*® More discussion of Atlantic hurri- 
canes, which most affect the United States, appears 
on page 34 in the National Climale Change section. 

Seo fevel will continue to rise 
Projecting future sea-level rise presents special 
challenges. Scientists have a well-developed under- 
standing of the contributions of thermal expansion 
and melting glaciers to sea-level rise, so the models 
used to project sea-level rise include these process- 
es. However, the contributions to past and future 
sea-level rise from ice sheets are less well under- 
stood. Recent observations of the polar ice sheets 
show that a number of complex processes control 
the movement of ice to the sea, and thus affect the 
contributions of ice sheets to sea-level rise.-'’ Some 
of these processes are already producing substantial 
loss of ice mass. Because these processes are not 
well understood it is difficult to predict their future 
contributions to sea-level rise.'”^ 

Because of this uncertainty, the 2007 assessment 
by the IPCC could not quantify the contributions to 
sea-level rise due to changes in ice sheet dynamics, 
and thus projected a rise of the world’s oceans from 
8 inches to 2 feet by the end of this century.’" 

More recent research has attempted to quantify 
the potential contribution to .sea-level rise from 
the accelerated flow of ice sheets to the sea-’'*^ or 
to estimate future sea level based on its observed 
relationship to temperature.'®^ The resulting esti- 
mates exceed those of the I PCC, and the average 
estimates under higher emissions scenarios are for 
sea-level rise between 3 and 4 feet by the end of 
this century. An important question that is often 
asked is, what is the upper bound of sea-level rise 
expected over this century? Few analyses have 
focused on this question. There is some evidence 
to suggest that it would be virtually impossible to 
have a rise of sea level higher than about 6.5 feet by 
the end of this century.** 

The changes in sea level experienced at any par- 
ticular location along the coast depend not only on 
the increase in the global average sea level, but also 
on changes in regional currents and winds, prox- 
imity to the mass of melting ice sheets, and on the 
vertical movements of the land due to geological 
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forces.'"^ The consequences of sea-level rise at any 
particular location depend on the amount of sea- 
level rise relative to the adjoining land. Although 
some parts of the U.S. coast are undergoing uplift 
(rising), most shorelines are subsiding (sinking) to 
various degrees - from a few inches to over 2 feet 
per century. 

Abrupt cHmate change 

There is also the possibility of even larger changes 
in climate than current scenarios and models 
project. Not all changes in the climate are gradual. 
The long record of climate found in ice cores, tree 
rings, and other natural records show that Earth’s 
climate patterns have undergone rapid shifts from 
one stable state to another within as short a period 
as a decade. The occurrence of abrupt changes in 
climate becomes increasingly likely as the human 
disturbance of the climate system grows.’® Such 
changes can occur so rapidly that they would chal- 
lenge the ability of human and natural systems to 
adapt.’®^ Examples of such changes are abrupt shifts 
in drought frequency and duration. Ancient climate 
records suggest that in the United States, the South- 
west may be at greatest risk for this kind of change, 
but that other regions including the Midwest and 
Great Plains have also had these kinds of abrupt 
shifts in the past and could experience them again 
in the future. 

Rapid ice sheet collapse with related sea-level rise 
is another type of abrupt change that is not well 
understood or modeled and that poses a risk for 
the future. Recent observations show that melt- 
ing on the surface of an ice sheet produces water 
that flows down through large cracks that create 
conduits through the ice to the base of the ice sheet 
where it lubricates ice previously frozen to the rock 
below.*’ Further, the interaction with warm ocean 
water, where ice meets the sea, can lead to sudden 
losses in ice mass and accompanying rapid global 
-sea-ievel rise. Observations indicate that ice loss 
has increased dramatically over the last decade, 
though scientists are not yet confident that they 
can project how the ice sheets will respond in 
the future. 

There are also concerns regarding the potential for 
abrupt release of methane from thawing of frozen 
soils, from the sea floor, and from wetlands in the 


tropics and the Arctic. While analyses suggest that 
an abrupt release of methane is very unlikely to oc- 
cur within 100 years, it is very likely that warming 
will accelerate the pace of chronic methane emis- 
sions from these sources, potentially increasing the 
rate of global temperature rise.'®'-’ 

A third major area of concern regarding pos- 
sible abrupt change involves the operation of the 
ocean currents that transport vast quantities of 
heat around the globe. One branch of the ocean 
circulation is in the North Atlantic. In this region, 
warm water flows northward from the tropics to 
the North Atlantic in the upper layer of the ocean, 
while cold water flows back from the North Atlan- 
tic to the tropics in the ocean’s deep layers, creating 
a "conveyor belt” for heat. Changes in this circula- 
tion have profound impacts on the global climate 
system, from changes in African and Indian mon- 
soon rainfall, to atmo.spheric circulation relevant 
to hurricanes, to changes in climate over North 
America and Western Europe. 

Recent findings indicate that it is very likely that 
the strength of this North Atlantic circulation will 
decrease over the course of this century in response 
to increasing greenhouse gases. This is expected 
because warming increases the melting of glaciers 
and ice sheets and the resulting runoff of fresh- 
water to the .sea. This additional water is virtually 
salt-free, which makes it less dense than sea water. 
Increased precipitation also contributes fresh, less- 
dense water to the ocean. As a result, less surface 
water is dense enough to sink, thereby reducing the 
conveyor belt’s transport of heal. The best estimate 
is that the strength of this circulation will decrease 
25 to 30 percent in this century, leading to a reduc- 
tion in heat transfer to the North Atlantic. It is 
considered very unlikely that this circulation would 
collapse entirely during the next 100 years or so, 
though it cannot be ruled out. While very unlikely, 
the potential consequences of such an abrupt event 
would be severe. Impacts would likely include 
sea-level rise around the North Atlantic of up to 2.5 
feet (in addition to the rise expected from thermal 
e.Kpansion and melting glaciers and ice sheets), 
changes in atmospheric circulation conditions that 
influence hurricane activity, a southward shift of 
tropica! rainfall belts with resulting agricultural 
impacts, and disruptions to marine ecosystems.^* 
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Like the rest of the world, the united states has been warming significantiy 
over the past 50 years in response to the build up of heat-trapping gases in 
the atmosphere. When looking at national climate, however, it is important 
to recognize that climate responds to local, regional, and global factors. 
Therefore, national climate varies more than the average global climate. 
While various parts of the world have had particularly hot or cold periods 
earlier in the historical record, these periods have not been global in scale, 
whereas the warming of recent decades has been global in scale - hence the 
term global warming. It is also important to recognize that at both the global 
and national scales, year-to-year fluctuations in natural weather and climate 
patterns can produce a period that does not follow the long-term trend. Thus, 
each year will not necessarily be warmer than every year before it, though 
the warming trend continues. 

Annual Average Temperature 
(Dep^rfyrefixHn^e 1901-2000 Average) 
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U.S. average temperature has risen 
more than 2®F over the past 50 years 
and is projected to rise more in the 
future; how much more depends 
primarily on the amount of heat- 
trapping gases emitted globally 
and how sensitive the climate is to 
those emissions. 

The series of maps and thermometers on these two 
pages shows the magnitude of the observed and 
projected changes in annual average temperature. 
The map for the period around 2000 shows that 
most areas of the United States have warmed ! to 
2°F compared to the 1960s and 1970s. Ahhough 
not reflected in these maps of annual average tem- 
perature, this warming has generally resulted 
in longer warm seasons and shorter, less intense 
cold seasons. 


The remaining maps show projected warming over 
the course of this century under a lower emissions 
scenario and a higher emissions scenario” (see 
Global Climate Change section, page 23). Tempera- 



... ar. i F 

tefi tlAli-WTSS»i*l« 


28 


Global Climate Change Impacts in the United States 


tures will continue to rise throughout the century 
under both emissions scenarios,” although higher 
emissions result in more warming by the middle of 
the century and significantly more by the end of 
the century. 

Temperature increases in the next couple of de- 
cades will be primarily determined by past emis- 
sions of heat-trapping gases. As a result, there is 
little difference in projected temperature between 
the higher and lower emissions scenarios” in the 
near-term (around 2020), so only a single map is 
shown for this timeframe. Increases after the next 
couple of decades will be primarily determined by 
future emissions.'''’ This is clearly evident in greater 
projected warming in the higher emissions sce- 
nario” by the middle (around 2050) and end of this 
century (around 2090). 

On a seasonal basis, most of the United States is 
projected to experience greater warming in sum- 
mer than in winter, while Alaska experiences far 
more warming in winter than summer."^* 
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The average warming for the country as a whole is shown on the thermometers adjacent to each map. By the end 
of the century, the average U.S. temperature is projected to increase by approximately 7 to ITF under the higher 
emissions scenario''’ and by approximately 4 to 6.5®F under the lower emissions scenario.''' These ranges are due 
to differences among climate model results for the same emissions scenarios. Emissions scenarios even lower 
than the lower scenario shown here, such as the 450 ppm stabilization scenario described on pages 23-24, would 
yield lower temperature increases than those shown below.’* 
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Precipitation has increased an average cipitation generally indicate that northern areas will 

of about 5 percent over the past 50 become wetter, and southern areas, particularly in 

years. Projections of future precipitation the West, will become drier.^’ 
generaily indicate that northern areas 

will become wetter, and southern Confidence in projected changes is higher for 

areas, particularly in the West, will winter and spring than for summer and fall. In 

become drier. winter and spring, northern areas are expected 

to receive significantly more precipitation than 

While precipitation over the United States as a tliey do now, because the interaction of warm and 

whole has increased, there have been important moist air coming from the south with colder air 

regional and seasonal differences. Increasing trends from the north is projected to occur farther north 
throughout much of the year have been predomi- than it did on average in the last century. The more 

nant in the Northeast and large parts of the Plains northward Incursions of warmer and moister air 

and Midwest. Decreases occurred in much of the masses are expected to be particularly noticeable 

Southeast in all but the fall season and in the North- in northern regions that will change from very 

west in all seasons except spring. Precipitation also cold and dry atmospheric conditions to warmer but 
generally decreased during the summer and fall in moister conditions.*’* Alaska, the Great Plains, the 
the Southw'est, while winter and spring, which are upper Midwest, and the Northeast are beginning 
the wettest seasons in states such as California and to experience such changes for at least part of the 

Nevada, have had increases in precipitation.”’ year, with the likelihood of these changes increas- 

ing over time. 

Future changes in total precipitation due to human- 

induced warming are more difficult to project than In some northern areas, warmer conditions will re- 
changes in temperature. In some seasons, some suit in more precipitation failing as rain and less a.s 

areas will experience an increase In precipitation, snow. In addition, potential water resource benefits 
other areas will experience a decrease, and others from increasing precipitation could be countered 
will see little discernible change. The difficulty by the competing influences of increasing evapo- 

arlses in predicting the extent of those areas and the ration and runoff. In southern areas, significant 
amount of change. Model projections of future pre- reductions in precipitation are projected in winter 

and spring as the subtropical dry 
belt expands."’* This is particularly 
pronounced in the Southwest, 
where it would have serious rami- 
fications for water resources. 
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The amount of rain failing in the heaviest 
downpours has increased approximately 20 
percent on average in the past century, and this 
trend is very likely to continue, with the largest 
increases in the wettest places. 

One of the dearest precipitation trends in the United States is the 
increasing frequency and intensity of heavy downpours. This in- 
crease was responsible for most of the observed increase in over- 
all precipitation during the last 50 years. In fact, there has been 
little change or a decrease in the frequency of light and moderate 
precipitation during the past 30 years, while heavy precipita- 
tion has increased, fn addition, while total average precipitation 
over the nation as a whole increased by about 7 percent over the 
past century, the amount of precipitation falling in the heaviest i 
percent of rain events increased nearly 20 percent."- 

During the past 50 years, the greatest increases in heavy precipi- 
tation occurred in the Northeast and the Midwest. There have 
also been increases in heavy downpours in the other regions of 
the continental United States, as well as Alaska, Hawaii, and 
Puerto Rico."- 


Climate models project continued Increases in the heaviest downpours during this century, while the lightest pre- 
cipitation is projected to decrease. Heavy downpours that are now l-in'20-year occurrences are projected to occur 
about every 4 to 15 years by the end of this century, depending on location, and the intensity of heavy downpours is 
also expected to increase. The l-in'20-year heavy downpour is expected to be between 10 and 25 percent heavier by 
the end of the century than it is now."^ 


Changes in these kinds of extreme weather and cli- 
mate events are among the most serious challenges 
to our nation in coping with a changing climate. 


Many types of extreme weather 
events, such as heat waves and regional 
droughts, have become more frequent 
and intense during the past 40 to 
50 years. 

Many extremes and their associated impacts are 
now changing. For example, in recent decades 
most of North America has been experienc- 
ing more unusually hot days and nights, fewer 
unusually cold days and nights, and fewer frost 
days. Droughts are becoming more severe in 
some regions. The power and frequency of 
Atlantic hurricanes have increased substan- 
tially in recent decades. The number ofNorth 
American mainland iandfalling hurricanes does 


Projected Changes in Light, Moderate and Heavy 
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not appear to have increased over the past 
century. Outside the tropics, cold-season 
storm tracks are shifting northward and 
the strongest storms are becoming even 
stronger. These trends in storms outside the 
tropics are projected to continue throughout 
this century 

Drought 

Like precipitation, trends in drought have 
strong regional variations. In much of the 
Southeast and large parts of the West, the 
frequency of drought has increased coinci- 
dent with rising temperatures over the past 50 
years. In other regions, such as the Midwest 
and Great Plains, there has been a reduction 
in drought frequency. 


Observed Spring Snowmelt Date? 
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Although there has been an overall increase 
in precipitation and no clear trend in drought for 
the nation as a whole, increasing temperatures 
have made droughts more severe and widespread 
than they would have otherwise been. Without the 
observed increase in precipitation, higher tempera- 
tures would have led to an increase in the area of 
the contiguous United States in severe to extreme 
drought, with some estimates of a 30 percent 
increase.’'- In the future, droughts are likely to be- 
come more frequent and severe in some regions.** 
The Southwest, in particular, is expected to experi- 
ence increasing drought as changes in atmospheric 
circulation patterns cause the dry zone just outside 
the tropics to expand farther northward into the 
United States."*’ 

Rising temperatures have also led to earlier melt- 
ing of the snowpack in the western United States.'**’ 
Because snowpack runoff is critical to the water 
resources in the western United Stales, changes in 
the timing and amount of runoff can exacerbate 
problems with already limited water supplies in 
the region. 

Heat waves 

A heat wave is a period of several days to w’eeks 
of abnormally hot weather, often with high humid- 
ity. During the 1930s, there was a high frequency 
of heat waves due to high daytime temperatures 
resulting in large part from an extended multi-year 
period of intense drought. By contrast, in the past 


3 to 4 decades, there has been an increasing trend 
in high-humidity heat waves, which are character- 
ized by the persistence of extremely high nighttime 
temperatures."^ 

As average temperatures continue to rise through- 
out this century, the frequency of cold extremes 
will decrease and the frequency and intensity of 
high temperature extremes will increase."^ The 
number of days with high temperatures above 
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90'’F is projected to increase throughout the country 
as illustrated in the maps on the left. Parts of the South 
that currently have about 60 days per year with tem- 
peratures over 90°F are projected to experience 150 or 
more days a year above 90°F by the end of this century, 
under a higher em issions scenario.'” There is higher 
confidence in the regional patterns than in results for 
any specific location (see An Agenda for Climate Im- 
pacts Science section). 

With rising high temperatures, extreme heat waves that 
are currently considered rare will occur more fre- 
quently in the future. Recent studies using an ensemble 
of models show that events that now occur once every 
20 years are projected to occur about every other year 
in much of the country by the end of this century. In 
addition to occurring more frequently, at the end of this 
century these very hot days are projected to be about 
I0°F hotter than they are today.''* 


The destructive energy of Atlantic 
hurricanes has increased in recent decades. 
The intensity of these storms is likely to 
increase in this century. 

Of all the world’s tropical storm and hurricane basins, 
the North Atlantic has been the most thoroughly moni- 
tored and studied. The advent of routine aircraft moni- 
toring in the 1940s and the use of satellite observations 
since the 1960s have greatly aided monitoring of tropi- 
cal storms and hurricanes. In addition, observations of 
tropical storm and hurricane strength made from island 
and mainland weather stations and from ships at sea 
began In the 1800s and continue today. Because of new 
and evolving observing techniques and technologies, 
scientists pay careful attention to ensuring consistency 
in tropical storm and hurricane records from the earli- 
est manual observations to today’s automated mea- 
surements. This is accomplished through collection, 
analysis, and cross-referencing of data from numer- 
ous sources and, where necessary, the application of 
adjustment techniques to account for differences in 
observing and reporting methodologies through time. 
Nevertheless, data uncertainty is larger in the early 
part of the record. Confidence in the tropical storm and 
hurricane record increases after 1900 and is greatest 
during the satellite era, from 1965 to the present. 
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The total number of hurricanes and strongest hur- ocean heat content. This highlights the importance 
ricanes (Category 4 and 5) observed from 1881 of understanding the broader changes occurring 

through 2008 shosvs multi-decade periods of above throughout the Atlantic Basin beyond the storms 
average activity in the 1800s, the mid-t900s, and making landfall along the U.S. coast.''- 
since 1995. The power and frequency of Atlantic 

hurricanes have increased substantially in recent Tropical storms and hurricanes develop and gain 

decades."* There has been little change in the total strength over warm ocean waters. As oceans 

number of iandfalling hurricanes, in part because warm, they provide a source of energy for hurri- 

a variety of factors affect whether a hurricane w'ill cane growth. During the past 30 years, annual sea 

make landfall. These include large-scale steer- surface temperatures in the main Atlantic hurricane 

ing winds, atmospheric stability, wind shear, and development region increased nearly 2°F. This 
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warming coincided with an increase in the 
destructive energy (as defined by the Power 
Dissipation Index, a combination of intensity, 
duration, and frequency) of Atlantic tropical 
storms and hurricanes. The strongest hurri- 
canes (Category 4 and 5) have, in particular, 
increased in intensity."- The graph below 
shows the strong correlation between hur- 
ricane pow'er and sea surface temperature in 
the Atlantic and the overall increase in both 
during the past 30 years. Climate models 
project that hurricane intensity will continue 
to increase, thotigh at a lesser rate than that 
observed in recent decades.’®" 

New evidence has emerged recently for other 
temperature related linkages that can help 



Observed Relationship Between 
1 Sea Surface Temperatures and 
Hurricane Power m the North Atlantic Ocean 
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explain the increase in Atlantic hurricane activity. 
This includes the contrast in sea surface tempera- 
ture between the main hurricane development 
region and the broader tropica! ocean.^-”®-”® 

Other causes beyond the rise in ocean temperature, 
such as atmospheric stability and circulation, 
can also influence hurricane power. For these and 
other reasons, a confident assessment requires 
further study.'^ 

Evidence of increasing hurricane strength in the 
Atlantic and other oceans with linkages to rising 
sea surface temperatures is also supported by satel- 
lite records dating back to 1981. An increase in the 
maximum wind speeds of the strongest hurricanes 
has been documented and linked to increasing sea 
surface temperatures.'^* 

Projections are that sea surface temperatures in the 
main Atlantic hurricane development region will 
increase at even faster rates during the second half 
of this century under higher emissions scenarios. 
This highlights the need to better understand the 
relationship between increasing temperatures 
and hurricane intensity. As ocean temperatures 
continue to increase in the future, it is likely that 
hurricane rainfall and wind speeds will increase 
in response to human-caused wanning.** Analyses 
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of model simulations suggest that for each 1.8°F 
increase in tropical sea surface temperatures, core 
rainfall rates will increase by 6 to 18 percent and 
the surface wind speeds of the strongest hurri- 
canes will increase by about 1 to 8 percent.""' Even 
without further coastal development, storm surge 
levels and hurricane damages are likely to increase 
because of increasing hurricane intensity coupled 
with sea-level rise, the latter being a virtually cer- 
tain outcome of the warming global climate.** 

In the eastern Pacific, the strongest 
hurricanes have become stronger since 
the 1980$, even while the total number 
of storms has decreased. 

Although on average more hurricanes form in the 
eastern Pacific than the Atlantic each year, cool 
ocean waters along the U.S. West Coast and atmo- 
spheric steering patterns help protect the contigu- 
ous U.S. from landfalls. Threats to the Hawaiian 
Islands are greater, but landfalling storms are rare 
in comparison to those of the U.S. East and Gulf 
Coasts. Nevertheless, changes in hurricane inten- 
sity and frequency could influence the impact of 
landfalling Pacific hurricanes in the future. 

The total number of tropical storms and hurricanes 
in the eastern Pacific on seasonal to multi-decade 
time periods is generally opposite to that observed 
in the Atlantic. For example, during El Nifio events 
it is common for hurricanes in the Atlantic to be 
suppressed while the eastern Pacific is more active. 
This reflects the large-scale atmospheric circulation 
patterns that extend across both the Atlantic and the 
Pacific oceans.'^®'*^ 

Within the past three decades the total number of 
tropical storms and hurricanes and their destructive 
energy have decreased in the eastern Pacific.** '^ 
However, satellite observations have shown that 
like the Atlantic, the strongest hurricanes (the top 
5 percent), have gotten stronger since the early 
l980s.’-‘-'*® As ocean temperatures rise, the stron- 
gest hurricanes are likely to increase in both the 
eastern Pacific and the Atlantic.** 
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Sea level has risen along most of the 
U.S. coast over the past 50 years, and 
will rise more In the future. 

Recent global sea-levei rise has been caused by the 
warming-induced expansion of the oceans, ac- 
celerated melting of most of the world's glaciers, 
and loss of ice on the Greenland and Antarctic ice 
sheets.” There is strong evidence that global sea 
level is currently rising at an increased rate.”''“ A 
warming global climate will cause further sea- 
level rise over this century and beyond.'® '®* 

During the past 50 years, sea level has risen up to 
8 inches or more along some coastal areas of the 
United States, and has fallen in other locations. 

The amount of relative sea-level rise experienced 
along different parts of the U.S. coast depends on 
the changes in elevation of the land that occur as a 
result of subsidence (sinking) or uplift (rising), as 
well as increases in global sea level due to warm- 
ing. In addition, atmospheric and oceanic circula- 
tion, which will be affected by climate change, will 
influence regional sea level. Regional differences 


in sea-levei rise are also expected to be related to 
where the meltwttfer originates.'®^ 

Human-induced sea-level rise is occurring globally. 
Large parts of the Atlantic Coast and Gulf of Mexico 
Coast have experienced significantly higher rates of 
relative sea-level rise than the global average during 
the last 50 years, with the local differences mainly 
due to land subsidence.'” Portions of the Northwest 
and Alaska coast have, on the other hand, experi- 
enced slightly falling sea level as a result of long- 
term uplift as a consequence of glacier melting and 
other geological processes. 

Regional variations in relative sea-level rise are 
expected in the future. For example, assuming 
historical geological forces continue, a 2-foot rise in 
global sea level (which is within the range of recent 
estimates) by the end of this century would result 
in a relative sea-level rise of 2.3 feet at New York 
City, 2.9 feet at Hampton Roads. Virginia, 3.5 feet at 
Galveston, Texas, and I foot at Neah Bay in Wash- 
ington state.'^ 
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Coid-season storm tracks are shifting 
northward and the strongest storms are 
iikely to become stronger and 
more frequent. 

Large-scale storm systems are the dominant 
weather phenomenon during the cold season in 
the United States. Although the analysis of tltese 
storms is complicated by a relatively short length of 
most observational records and by the highly vari- 
able nature of strong storms, some clear patterns 
have emerged."- 

Storm tracks have shifted northward over the 
last 50 years as evidenced by a decrease in the 
frequency of storms in mid-latitude areas of the 
Northern Hemisphere, while high-latitude activity 
has increased. There is also evidence of an increase 
in the intensity of storms in both the mid- and high- 
latitude areas of the Northern Hemisphere, with 
greater confidence in the increases occurring in 
high latitudes."- The northward shift is projected to 
continue, and strong cold season storms are likely 
to become stronger and more frequent, with greater 
wind speeds and more extreme wave heights.** 

Snowstorms 

The northward shift in storm tracks is reflected 
in regional changes in the frequency of snow- 
storms. The South and lower Midwest saw reduced 
snowstorm frequency during the last century. In 
contrast, the Northeast and upper Midwest saw- 
increases in snowstorms, although considerable 
decade-to-decade variations were present in all 
regions, influenced, for example, by the frequency 
of El Nino events."^ 

There is also evidence of an increase in lake-eftect 
snowfall along and near the southern and eastern 
shores of the Great Lakes since 1950.” Lake-effect 
snow i.s produced by the strong tlow of cold air 
across large areas of relatively warmer ice-free 
water. As the climate has warmed, ice coverage on 
the Great Lakes has fallen. The maximum seasonal 
coverage of Great Lakes ice decreased at a rate of 
8,4 percent per decade from 1973 through 2008, 
amounting to a roughly 30 percent decrease in ice 
coverage (see Midwest region). This has created 
conditions conducive to greater evaporation of 



Areas in New York state east of Lake Ontario received 
over 10 feet of lake-effect snow during a 10-day period 
in early February 2007. 


moisture and thus heavier snosvstorms. Among re- 
cent extreme lake-effect snow events was a Febru- 
ary 2007 10-day storm total of over 10 feet of snow 
in western New York state. Climate models suggest 
that lake-eiTect snowfalls are likely to increase over 
the next few decades.'^" In the longer term, lake- 
effect snows are likely to decrease as temperatures 
continue to rise, with the precipitation then falling 
as rain.'-^ 

Tornodoes and severe thunderstorms 
Reports of severe weather including tornadoes and 
severe thunderstorms have increased during the 
past 50 years. However, the increase in the number 
of reports is widely believed to be due to improve- 
ments in monitoring technologies .such as Doppler 
radars combined with changes in population and 
increasing public awareness. When adjusted to ac- 
count for these factors, there is no clear trend in the 
frequency or strength of tornadoes since the 1950s 
for the United States as a whole."^ 

The distribution by intensity for the strongest 10 
percent of hail and wind reports is little changed, 
providing no evidence of an observed increase in 
the severity of events."- Climate models project 
future increases in the frequency of environmental 
conditions favorable to severe thunderstorms.'" But 
the inability to adequately model the small-scale 
conditions involved in thunderstorm development 
remains a limiting factor in projecting the future 
character of severe thunderstorms and other small- 
scale weather phenomena.** 
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Arctic sea Ice is deciining rapidly and 
this is very likely to continue. 

Sea ice is a very important part of the climate 
system. In addition to direct impacts on coastal 
areas of Alaska, it more broadly affects surface 
reflectivity, ocean currents, cloudiness, humid- 
ity, and the exchange of heat and moisture at the 
ocean’s surface. Open ocean water is darker in 
color than sea ice, which causes it to absorb more 
of the Sun’s heat, which increases the warming of 
the water even more.'*'^ '’’ 


The most complete record of sea ice is provided 
by satellite observations of sea ice extent since the 
1970s. Prior to that, aircraft, ship, and coastal ob- 
servations in the Arctic make it possible to extend 
the record of Northern Hemisphere sea ice extent 
back to at least 1900, although there is a lower 
level of confidence in the data prior to 1953/° 


Arctic sea ice extent has fallen at a rate of 3 to 4 
percent per decade over the last three decades. 

End-of-summer Arctic sea ice has fallen at an 
even faster rale of more than 1 1 percent per 
decade in that time. The observed decline in 
Arctic sea ice has been more rapid than projected 
by climate models.'” Year-to-year changes in 
sea ice extent and record low amounts are influenced by natural variations In atmospheric pressure and 
wind patterns.*’* However, clear linkages between rising greenhouse gas concentrations and declines in 
Arctic sea ice have been identified in the climate record as far back as the early 1990s.'^' The extreme loss 

in Arctic sea ice that occurred in 2007 would not 
have been possible without the long-term reductions 
that have coincided with a sustained increase in the 
atmospheric concentration of carbon dioxide and the 
rapid rise in global temperatures that have occurred 
since (he mid-1970s.'” Although the 2007 record 
low was not eclipsed In 2008. the 2008 sea ice extent 
is well below the long-term average, reflecting a 
continuation of the long-term decline in Arctic sea 
ice. In addition, the total volume of Arctic sea ice 
in 2008 was likely a record low because the ice was 
unusually thin.'^ 

It is expected that declines in Arctic sea ice will 
continue in the coming decades with year-to-year 
fluctuations influenced by natural atmospheric vari- 
ability. The overall rate of decline will be influenced 
mainly by the rate at which carbon dioxide and other 
greenhouse gas concentrations increase.'” 
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U.S. Emission and Absorption of H^at-Trapping Gases 


Since the industrial revolution.: 
the y/orld’s largest emitt^* ^b^-tra|^t^^s^VS^ 
4.5 percent of world’s population, the United States is : 
responsible for about 28 patent of dte)9)nmb<^int|aced 
heat-trapping gases in the amto^ere Aldioi^ 

China has recentty surpas^^f 

total annual emissions, per capi^^ni^OiMr^^in rnuch. 
higher in the Unlt«l States. Chiton <ii<»dd^-theaKja 
important of the heat-trapping gases produced direcdy by 
human activities/ls a cumu1bth« bemuse h; has a 

long atmospheric lifetime. Roughly one-half of Che carbon 
dioxide released fromiossit fuel IxH^ng r^nains in the 
atmosphere after 100 years, and roughly one-fifth of it 
remains after 1,000 yeam’® 


1CO0 1850 19C0 1 950 2000 

Year 

UiS. annual, emissions of COj from fossil-hiel use.’*' 


U.S. carbon dic»(ide emissions i^'ew dramattcaliy over the past century: These emissions come almost 
entirely from burning fc^il fuels. These sources of caH>on dioxide are one side of the equation and on the 
other side are “sinks” that lake up carbon dioxide. The growth of trees, and. other plants is an important 
natural carbon sink, In recent y^rs. It is estimated that about 20 percent of U.S. carbon dioxide emissions 
have been offset by U.S. forest growth and otherjsinks {see figure below).'^ It is not known whether 
U.S. forests and other sinks vdll continue to take up roughly diis amount of carbon dioxide in the future 
as climate change alters carbon release and uptake. Few example, a warmiogrinduced lengthening of the ^ 
growing season would tend to increase carbon uptake. On the odier hand, the Increases in forest fires and 
in the decomposition rate of dead plant matter would decrease uptake, and might convert the carbon sink 
into a source.’^® ' '' 


The amount ofcarbon reieased-aAd taM’iup by natural sources varies corisiderablyfrOrh)^ar to. y^^ 
depending on cliimatic and otherdonditions. For example, fires release carbon dioxide, so years with many 
large fires result m mewe carb^^release^and less uptake as natural sinks .{the vegetation) are: lost. Similarly. 

the trees destroyed by intense 
storms or droughts release carbon 
dioxide as they decompose, and the 
loss results in reduced strength of 
natural sinks until, ri^rbwtH is. 
underway. For example,. Hurricane 
Katrina killed or severely damag^ 
over 320 millionlarge. trees; As.these* 
trees decompose over the next f&N 
years, they will release an amount 
of carbon dioxide equivalent to 
that taken up by all U.S. forests in 
a year.”^ The net change In carbon 
storage in the long run will depend 
on how much is taken up by the 
U.S. carbon dioxide emissions and uptake in wiMkmjs; of carbon per regrawth as well as how much was 

year in 2003; Ihe bar. marked "Emitted” indicates amount of carbon as released by the original disturbance. 


Emitted 


Hodrfied from CCS? %AP 2.2’ 
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Changes in the water cycle, which are consistent 
with the warming observed over the past several 
decades, include; 

• changes in precipitation patterns and intensity 

• changes in the incidence of drought 

• widespread melting of snow and ice 

• increasing atmospheric water vapor 

• increasing evaporation 

• increasing water temperatures 

• reductions in lake and river ice 

• changes in soil moisture and runotT 

For the future, marked regional differences are 
projected, with increases in annual precipitation, 
runoff, and soil moisture in much of the Midwest 
and Northeast, and declines in much of the West, 
especially the Southwest, 



Skagit River and surrounamg mountains in me Nortnwesi 


The impacts of climate change include too little wa- 
ter in some places, too much water in other places, 
and degraded water quality. Some locations are ex- 
pected to be subject to all of these conditions during 
different times of the year. Water cycle changes are 
expected to continue and to adversely affect energy 
production and use. human health, transportation, 
agriculture, and ecosystem-s (see table on page 

Climate change has already altered, and 
will continue to alter, the water cycle, 
affecting where, when, and how much 
water is available for all uses. 

Substantial changes to the water cycle are expected 
as the planet unarms because the movement of water 
in the atmosphere and oceans is one of the primary 
mechanisms for the redistribution of heat around the 
world. Evidence is mounting that human-induced 
climate change is already altering many of the exist- 
ing patterns of precipitation in the United Slates, 
including when, where, how much, and what kind of 
precipitation fells.®* '''' A warmer climate increases 
evaporation of water from land and sea, and allows 
more moisture to be held in the atmosphere. For ev- 
ery 1*F rise in temperature, the water holding capac- 
ity of the atmosphere increases by about 4 percent.^® 
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Projected Changes in the Water Cycle 



In addition, changes in atmospheric circulation will tend to move storm tracks northward with the result that dry 
areas will become drier and wet areas wetter. Hence, the arid Southwest is projected to experience longer and more 
severe droughts from the combination of increased evaporation and reductions in precipitation. 


Changes in Snowfall Contributions to Wintertime Precipitation , 

1943 to 2005 ^ t ’ 

> ■ yV W 


# Less snow S' """ 

M More snow \v\ 

• i 'h. ^ t, ( '*'S and Hu*' 

Trends in winter snosv-to-totaf precipitati^ ratlofrom .i9#So2SdS.Sedcird6s indicate 
less snow-v while blue si]uare$ indicate more »i 0 w, L»^ orctes »td squares mdt^te ^ 
the most s^ntftcant trends.‘^^.^eas:SQuth,,of 37?W;latttude ww« exdudedfrem G 
anal^is because raosc of that area receives, !ii^e awwfi&-Vy4^ »ws above that Ime’^ 
have inadequate data for dits anal^^is. 


The additional atmospheric moisture 
contributes to more overall precipita- 
tion in some areas, especially in much 
of the Northeast, Midwest, and Alas- 
ka. Over the past 50 years, precipita- 
tion and streaiTiflow have increased in 
much of the Northeast and Midwest, 
with a reduction in drought duration 
and severity. Much of the South- 
east and West has had reductions in 
precipitation and increases in drought 
severity and duration, especially in 
the Southwest. 

In most areas of the country, the frac- 
tion of precipitation falling as rain 
versus snow has increased during 
the last 50 years. Despite this general 
shift from snow to rain, snowfalls 
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along the downwind coasts of the Great Lakes 
have increased. Factors contributing to this 
increase include reduced ice cover due to 
warming, which lengthens the period of open 
water. In addition, cold air moving over rela- 
tively warm, open lake water induces strong 
evaporation, often causing heavy lake-effect 
snow. Heavy snow-fall and snowstorm fre- 
quency have increased in many northern parts 
of the United States. In the South however, 
where temperatures are already marginal for 
heavy snowfall, climate warming has led to 
a reduction in heavy snowfall and snowstorm 
frequency. These trends suggest a northward 
shift in snowstorm occurrence.®* 


Floods and droughts are likely to 
become more common and more 
intense as regional and seasonal 
precipitation patterns change, and 
rainfall becomes more concentrated 
into heavy events (with longer, 
hotter dry periods in between). 



increases in the Nunribor cf [a'iv: / 
Very Heavy Precipitation « ■'J5S to 2- 


incroas&s In Annual Numt»r ot Days 


Gfoismi; 



1 ^. 




46% 
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While it sounds counterintuitive, a warmer 
world produces both wetter and drier conditions. 
Even though total global precipitation increases, the 
regional and seasonal distribution of precipitation 
changes, and more precipitation comes in heavier 
rains (which can cause flooding) rather than light 
events. In the past century, averaged over the 
United States, total precipitation has increased by 
about 7 percent, while the heaviest 1 percent of rain 
events increased by nearly 20 percent.®* This has 
been especially noteworthy in the Northeast, where 
the annua! number of days with very heavy precipi- 
tation has increased most in the past 50 years, as 
.shown in the adjacent figure. Flooding often occurs 
when heavy precipitation persists for weeks to 
months in large river basins. Such extended periods 
of heavy precipitation have also been increasing 
over the past century, most notably in the past two 
to three decades in the United States.”* 


higher air temperatures, dry out soils and vegeta- 
tion. causing drought. 

For the future, precipitation intensity is projected 
to increase everywhere, with the largest increases 
occurring in areas in which average precipitation 
increases the most. For e.xample, the Midwest and 
Northeast, where total precipitation is expected 
to increase the most, would also experience the 
largest increases in heavy precipitation events. The 
number of dry days between precipitation events 
is also projected to increase, especially in the more 
arid areas. Mid-continentai areas and the Southwest 
are particularly threatened by future drought. The 
magnitude of the projected changes in extremes is 
expected to be greater than changes in averages, 
and hence detectable sooner.'’-’'®*'’”-’'''''^* 


Ob,servations also show that over the past several 
decades, extended dry periods have become more 
frequent in parts of the United States, especially 
the Southwest and the eastern United States.'^®-'*’’ 
Longer periods between rainfalls, combined with 
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Precipitation and runoff are likely 
to increase in the Northeast and 
Midwest in winter and spring, 
and decrease in the West, 
especially the Southwest, in 
spring and summer. 


In areas where snowpack 
dominates, the timing of runoff will 
continue to shift to earlier in the 
spring and flows will be lower in 
late summer. 


Large portions of the West and some ar- 
eas in the Northeast rely on snowpack as a 
natural reservoir to hold winter precipita- 
tion until it later runs off as streamflow in 
spring, summer, and fall. Over the last 50 


Runoff, which accumulates as streamflow, 
is the amount of precipitation that is not 
evaporated, stored as snowpack or soil 
moisture, or filtered down to groundwater. 

The proportion of precipitation that runs off 
is determined by a variety of factors includ- 
ing temperature, wind speed, humidity, solar 
intensity at the ground, vegetation, and soil 
moisture. While runoff generally tracks 
precipitation, increases and decreases in 
precipitation do not necessarily lead to equal 
increases and decreases in runoff. For ex- 
ample. droughts cause soil moisture reduc- 
tions that can reduce e.xpected runoff until 
soil moisture is replenished. Conversely, water-sat- 
urated .soils can generate Hoods with only moderate 
additional precipitation. During the last century, 
consistent increases in precipitation have been 
found in the Midwest and Northeast along with 
increased runoff.'’*'^'^'’ Climate models consistently 
project that the East will experience increased run- 
off, while there will be substantial declines in the 
interior West, especially the Southwest. Projections 
for runoff in California and other parts of the West 
also show reductions, although less than in the 
interior West. In short, wet areas are projected to 
get wetter and dry areas drier. Climate models also 
consistently project heat-relaled summer soil 
moisture reductions in the middle of 
the continent."^’*'*^-''"^’''''’ 


years, there have been widespread temperature- 
related reductions in snowpack in the West, with 
the largest reductions occurring in lower elevation 
mountains In the Northwest and California where 
snowfall occurs at temperatures close to the freez- 
ing point.'^^ '” The Northeast has also experienced 
snowpack reductions during a similar period. 
Observations indicate a transition to more rain and 
less snow in both the West and Northeast in the last 
50 years. Runoff in snowmelt-dominated 
areas is occurring up to 20 days earlier in the West, 
and up to 14 days earlier in the Northeast.'” '^* Fu- 
ture projections for most snowmelt-dominated ba- 
sins in the West consistently indicate earlier spring 
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Trends in Peak Streamflow Timing 


r ■' 

ksSi 


Observed Trends 
1948 to 2002 



n 


Projected Trends 
by 2080 to 2099 


• 2$4a<(«traw 



. .Topmap shows thanges in runofi timing Hi snowmek-drlyen streams 
::froip'il^8. circles indicatnig earlier runoff, and bkie 

:: <rii;clb$.-|ndkl|tin| later runoff Bottom map shows projected changes 
i -in sncwmelt-drlveri streams by- 2080^2099. compared to 1951-1980, ■ 
under a hi^w emissions sceriario.*' 


runoff, in some cases up to 60 days earlier.'^’-'*^ For 
the Northeast, projections indicate spring runoff 
wiil advance by up to 14 days.'*" Earlier runoff 
produces lower late-summer streamflows. which 
stress human and environmental systems through 
less water availability and higher water tempera- 
tures.*'** Scientific analyses to determine the causes 
of recent changes in snowpack, runoff timing, and 
increased winter temperatures have attributed these 
changes to human-caused climate change. 


Surface water quality and groundwater 
quantity will be affected by a 
changing climate. 

Changes in wofer quality 
Increased air temperatures lead to higher water 
temperatures, which have already been detected in 
many streams, especially during low-flow periods, 
in lakes and reservoirs, higher water temperatures 
lead to longer periods of summer stratification 
(when surface and bottom waters do not mix). 
Dissolved o.xygen is reduced in lakes, reservoirs, 
and rivers at higher temperatures. Oxygen is an 
essential resource for many living things, and its 
availability is reduced at higher temperatures both 
because the amount that can be dissolved in water 
is lower and because respiration rates of living 
things are higher. Low oxygen stresses aquatic 
animals such as coldwater fish and the insects and 
crustaceans on which they feed.'"'- Lower oxygen 
levels also decrease the self-purification capabili- 
ties of rivers. 

The negative effects of water pollution, includ- 
ing sediments, nitrogen from agriculture, disease 
pathogens, pesticides, herbicides, salt, and ther- 
mal pollution, will be amplified by observed and 
projected increases in precipitation intensity and 
longer periods when streamflows are low.'"*’ The 
U.S. Environmental Protection Agency expects the 
number of waterways considered “impaired” by 
water pollution to increase.'*^ Heavy downpours 
lead to increased sediment in runofl’ and outbreaks 
of waterborne diseases.”*-’’'"'* increases in pollution 
carried to lakes, estuaries, and the coastal ocean, 
especially when coupled with increased tempera- 
ture, can result in blooms of harmful algae and 
bacteria. However, pollution has the potential 
of being diluted in regions that experience 
increased streamflow. 

Water-quality changes during the last century were 
probably due to causes other than climate change, 
primarily changes in pollutants,'*" 

Chonges fn groundwater 
Many parts of the United States are heavily de- 
pendent on groundwater for drinking, residential, 
and agricultural water supplies.'"* How climate 
change will affect groundwater is not well known. 
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Heavy rain can cause sediments to become suspended in water, 
reducing its quality, as seen in the brown swath above in New 
York City's Ashokan reservoir following Hurricane Floyd in 
September 1999. 

but increased water demands by society in regions 
that already rely on groundwater will clearly stress 
this resource, which is often drawm down faster 
than it can be recharged.'*'* In many locations, 
groundwater is closely connected to surface water 
and thus trends in surface water supplies over time 
affect groundwater. Changes in the water cycle that 
reduce precipitation or increase evaporation and 
runoff would reduce the amount of water avail- 
able for recharge. Changes in vegetation and soils 
that occur as temperature changes or due to fire or 
pest outbreaks are also likely to affect recharge by 
altering evaporation and infiltration rates. More 
frequent and larger floods are likely to increase 
groundwater recharge in seml-arid and arid areas. 


where most recharge occurs through dry stream- 
beds after heavy rainfalls and floods. ‘‘*’ 

Sea-levei rise is expected to increase saltwater 
intrusicm into coastal freshwater aquifers, making 
some unusable without desalination.'** Increased 
evaporation or reduced recharge into coastal 
aquifers exacerbates saltwater intrusion. Shallow- 
groundwater aquifers that exchange water with 
streams are likely to be the most sensitive part of 
the groundwater system to climate change. Small 
reductions in groundwater levels can lead to large 
reductions in streamflow and increases in ground- 
water levels can increase streamflow.'** Further, 
the interface between streams and groundwater is 
an important site for pollution removal by microor- 
ganisms. Their activity will change in response to 
increased temperature and increased or decreased 
streamflow as climate changes, and this will affect 
water quality. Like water quality, research on the 
impacts of climate change on groundwater has 
been minimal.''*** 


Climate change wii! place additional 
burdens on already stressed 
water systems. 

In many places, the nation's water systems are al- 
ready taxed due to aging infrastructure, population 
increases, and competition among water needs for 
farming, municipalities, hydropower, recre- 
ation, and ecosystems.'*^''*^ Climate change 
will add another factor to existing water 
management challenges, thus increasing 
vulnerability.'’" The U.S. Bureau of Recla- 
mation has identified many areas in the West 
that are already at risk for serious conflict 
over water, even in the absence of climate 
change'” (see figure next page). 

Adapting to gradual changes, such as 
changes in average amounts of precipitation, 
is less difficult than adapting to changes in 
extremes. Where extreme events, such as 
droughts or floods, become more intense or 
more frequent with climate change, the eco- 
nomic and social costs of these events will 
increase.”^ Water systems have life spans 
of many years and are designed with spare 


Lake Superior Summer Air and Water Temperatures 
1979.to 2006 



'.995 2000 2005 


The recent targe jump m summer vvater temperature tS related to the : 
rtecent large reducoofl in ice cover {see 
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capacity. These systems are thus able to cope with small changes in average conditions.'^' Water resource 
planning today considers a broad range of stresses and hence adaptation to climate change will be one factor 
among many in deciding what actions will be taken to minimize vulnerability.'’* ”*’ 

Rapid regional population growth 

The U.S. population is estimated to have grown to more than 300 million people, nearly a 7 percent increase 
since the 2000 Census. Current Census Bureau projections are for this growth rate to continue, with the 
national population projected to reach 350 million by 2025 and 420 
million by 2050. The highest rates of population growth to 2025 are 
projected to occur in areas such as the Southwest that are at risk for 
reductions in water supplies due to climate change.'*’ 

Aging water infrastructure 

The nation's drinking water and wastewater infrastructure is aging. 

In older cities, some buried water mains are over 100 years old and 
breaks of these lines are a significant problem. Sewer overflows re- 
sulting in the discharge of untreated wastew’ater also occur frequently. 

Heavier downpours will exacerbate existing problems in many cities, 
especially where stormwater catchments and sewers are combined. 

Drinking water and sew'er infrastructure is very expensive to install and maintain. Climate change will 
present a new set of challenges for designing upgrades to the nation’s water delivery and sew'age 
removal infrastructure.'** 

Existing water disputes across 
the country 

Many locations in the United States are 
already undergoing water stress. The Great 
Lakes states are establishing an interstate 
compact to protect against reductions in 
lake levels and potential water exports. 
Georgia. Alabama, and Florida are in a 
dispute over water for drinking, recreation, 
farming, environmental purposes, and 
hydropower in the Apalachicola-Chatta- 
hoochee-Flint River system.'”-”* 


The State Water Project in California is 
facing a variety of problems in the Sacra- 
mento Delta, including endangered species, 
saltwater intrusion, and potential loss of 
islands due to flood- or earthquake-caused 
levee failures.'”’’** A dispute over endan- 
gered fish in the Rio Grande has been on- 
going for many years.'®-’ The Klamath River 
in Oregon and California has been the 
location of a multi-year disagreement over 
native fish, hydropower, and farming.'*'’-*®’ 
The Colorado River has been the site of 
numerous interstate quarrels over the last 
century.'®''-'®' Large, unquantified Native 


Potential Water Supply Conflicts by 2025 



The map shows peslons in ^e>West where water s^jplyconflictsare likely to occur 
by 2025 based on a combination oi Actors inchidir^ pt^Hikition tr«Kl$ ami potential 
endangered spiecies’ needs for -water. Tbeiretisjnes are . tiie corfRcts are 
most likely to occur. This analysis does notfactott 'm Cellmate change, 

which IS exnected to exacerbate many of these alre^v<iide^hed ssues.*'' 
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American water rights challenge existing uses in 
the West (see Souflnves! region).'*** By changing 
the existing patterns of precipitation and runoff, 
climate change will add another stress to 
existing problems. 

Changing water demoncfs 
Water demands are expected to change with in- 
creased temperatures. Evaporation is projected to 
increase over most of the United States as tempera- 
tures rise. Higher temperatures and longer dry peri- 
ods are expected to lead to increased water demand 
for irrigation. This may be partially offset by more 
efficient use of water by plants due to rising atmo- 
spheric carbon dioxide. Higher temperatures are 
projected to increase cooling water withdrawals by 
electrical generating stations. In addition, greater 
cooling requirements in summer will increase elec- 
tricity use, which in turn wit! require more cooling 
water for power plants. Industrial and municipal 
demands are expected to increase slightly.*'*^ 

The past century is no longer a 
reasonable guide to the future for 
water management. 


century was significantly wetter than most other 
centuries. Multi-decade “megadroughts”’ in the 
years 900 to J300 were substantially worse than 
the worst droughts of the last century, including 
the Dust Bowl era. The causes of these events are 
only partially known; if they were to reoccur, they 
would clearly stress water management, even in the 
absence of climate change (see figure below).®’-'^'’ 

The Intersection of substantial changes in the water 
cycle with multiple stresses such as population 
growth and competition for water supplies means 
that water planning will be doubly challenging. 

The ability to modify operational rules and w'ater 
allocations is likely to be critical for the protection 
of infrastructure, for public safety, to ensure reli- 
ability of water delivery, and to protect the environ- 
ment. There are, however, many institutional and 
legal barriers to such changes in both the short and 
long term.”® Four examples; 

• The allocation of the water in many interstate 
rivers is governed by compacts, international 
treaties, federal laws, court decrees, and other 
agreements that are difficult to modify. 


Water planning and management have been based 
on historical fluctuations in records of stream 
flows, lake levels, precipitation, temperature, 
and water demands. All aspects of water 
management including reservoir sizing, 
reservoir flood operations, maximum urban 
stormwater runoff amounts, and projected 
water demands have been based on these 
records. Water managers have proven adept 
at balancing supplies and demand through 
the significant climate variability of the 
past century.'^- Because climate change 
will significantly modify many aspects 
of the water cycle, the assumption of an 
unchanging climate is no longer appropriate 
for many aspects of water planning. Past 
assumptions derived from the historical 
record about supply and demand will need to 
be revisited for existing and proposed water 
projects.'*-’”'-”* 

Drought studies that consider the past 1,200 
years indicate that in the West, the last 


Reservoir operations are governed by “rule 
curves” that require a certain amount of space 
to be saved in a reservoir at certain limes of 


Long-Teim Aridity Changes in the West 
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year to capture a potential flood. Devel- 
oped by the U.S. Army Corps of Engineers 
based on historical flood data, many of these 
rule curves have never been modified, and 
modifications might require Environmental 
Impact Statements.'^* 


In most parts of the West, water is allocated 
based on a “first in time means first in right" 
system, and because agriculture was developed 
before cities were established, large volumes 
of water typically are allocated to agriculture. 
Tran.sferring agricultural rights to municipali- 
ties, even for short periods during drought, can 
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involve substantia! expense and time 
and can be socially divisive. 


Conserving water does not neces- 
sarily lead to a right to that saved 
water, thus creating a disincentive 
for conservation. 


Total U.S. water diversions peaked in 
the 1980s. which implies that expand- 
ing supplies in many areas to meet new 
needs are unlikely to be a viable option, 
especially in arid areas likely to experi- 
ence less precipitation. However, over 
the last 30 years, per capita water use 
has decreased significantly (due, for 
example, to more efficient technologies 
such as drip irrigation) and it is antici- 
pated that per capita use will continue 
to decrease, thus easing stress.'^'-* 
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Energy is at the heart of the global warming 
challenge.’ It is humanity’s production and use of 
energy that is the primary cause of global warming, 
and in turn, climate change will eventually affect 
our production and use of energy. The vast majority 
of U.S. greenhouse gas emi.ssions. about 87 percent, 
come from energy production and use.®° 

At the same time, other U.S. trends are increasing 
energy use: population shifts to the South, espe- 
cially the Southwest, where 
air conditioning use is high, 
an increase in the square 
footage built per person, 
increased electrification of 
the residential and commer- 
cial sectors, and increased 
market penetration of 
air conditioning. 

Many of the effects of 
climate change on energy 
production and use in the 
United States are not well 
studied, Some of the effects 
of climate change, however, 
have clear implications for 


energy production and use. For instance, rising 
temperatures are expected to increase energy re- 
quirements for cooling and reduce energy require- 
ments for heating.'*^ '®' Changes in precipitation 
have the potential to affect prospects for hydropow- 
er. positively or negatively. Increases in hurricane 
intensity are likely to cause further disruptions 
to oil and gas operations in the Gulf, like those 
experienced in 2005 with Hurricane Katrina and in 
2008 with Hurricane Ike.^®' Concerns about climate 
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change impacts will almost certainly alter percep- 
tions and valuations of energy technology alterna- 
tives. These effects are very likely to be relevant 
for energy policies, decisions, and institutions in 
the United States, affecting courses of action and 
appropriate strategies for risk management.'**' 

The overall scale of the national energy economy 
is very large, and the energy industry has both 
the financial and the managerial resources to be 
adaptive. Impacts due to climate change are likely 
to be most apparent at sub-national scales, such as 
regional effects of extreme w'eather events and re- 
duced water availability, and effects of increased 
cooling demands on especially vulnerable places 
and populations.'**'’ 


Warming will be accompanied by 
decreases in demand for heating energy 
and increases in demand for cooling 
energy. The fatter will result in significant 
increases in electricity use and higher 
peak demand in most regions. 

Research on the effects of climate change on en- 
ergy production and use has largely been limited 
to impacts on energy use in buildings. These 
studies have considered effects of global warming 
on energy requirements for heating and cooling 
in buildings in the United States.^°^ They find that 
the demand for cooling energy increases from 5 
to 20 percent per 1.8°F of warming, and the de- 
mand for heating energy drops by 3 to 15 percent 
per l.8®F of warming. These ranges reflect 
different assumptions about factors such as the 
rate of market penetration of improved building 
equipment technologies.-^ 

Studies project that temperature increases due to 
global wanning are very likely to increase peak 
demand for electricity in most regions of the 
country.^’* An increase in peak demand can lead 
to a disproportionate increase in energy infra- 
structure investment.-^ 



Primary Energy Consumption 
by Majoi Source (1949 to 2007) 


Petrdeurn 


Nuclear Electric Povrerj 


Hydroelectric Power’ 


US. supply is domuuted by fossil foels. Petroleum, 

the top source of ener^ shown Is prHnarily used for 
transporation (70 percent, of oil um). Natml gas is used in 
rou^ly equal parts to generate electnctty power industrial 
processes, and heat wata- m<i buildings. Coal H firimanty used 
to generate electricity (9I percent of coal use). Nuclear power 
Is used entlrelyfor elecuicitygenmtion. 


Since nearly ail of the cooling of buildings is 
provided by electricity use, whereas the vast 
majority of the heating of buildings is provided 
by natural gas and fuel oil,-*” -'-’'' the projected 
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Shifting Energy Demand in the United States by 2080'2099 
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changes imply increased demands 
for electricity. This is especially the 
case where climate change would 
result in significant increases in the 
heat index in summer, and where 
relatively little space cooling has 
been needed in the past, but demands 
are likely to increase in the future.^* 
The increase in electricity demand is 
likely to be accelerated by population 
movements to the South and South- 
west, which are regions of especially 
high per capita electricity use, due to 
demands for cooling in commercial 
buildings and households. Because 
nearly half of the nation’s electric- 
ity is currently generated from coal, 
these factors have the potential to 
increase total national carbon dioxide 
emissions in the absence of improved 
energy efficiency, development of 
non-carbon energy sources, and/or 
carbon capture and storage.-'’-^ 


Other effects of climate change on 
energy consumption are less clear, 
because little research has been done.”* 
For instance, in addition to cooling, 
air conditioners also remove moisture 
from the air; thus the 
increase in humidity 
projected to accompany 
global wanning is likely 
to increase electric- 
ity consumption by 
air conditioners even 
further.”* As other ex- 
amples, warming would 
increase the use of air 
conditioners in high- 
way vehicles, and water 
scarcity in some regions 
has the potential to in- 
crease energy demands 
for water pumping. It is 
important to improve 
the information avail- 
able about these other 
kinds of effects. 
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Energy production is Hkely to be 
constrained by rising temperatures and 
limited water supplies in many regions. 

in some regions, reductions in water supply due 
to decreases in precipitation and/or water from 
melting snowpack are likely to be significant, 
increasing the competition for w'ater among vari- 
ous sectors including energy production (see fVater 
Resources sector).'^'-^ 

The production of energy from fossil fuels (coal, 
oil. and natural gas) is inextricably linked to the 
availability of adequate and sustainable supplies of 
water.''”’-^* While providing the United States with 
the majority of its annual energy needs, fossil fuels 
also place a high demand on the nation’s water 
resources in terms of both quantity and quality 
impacts. Generation of electricity in thermal 
power plants (coal, nuclear, gas, or oil) is water 
intensive. Power plants rank only slightly behind 
irrigation in terms of freshwater withdrawals in the 
United States.*'” 

There is a high likelihood that water shortages will 
limit power plant electricity production in many 
regions. Future water constraints on electricity 
production in thermal power plants are projected 
for Arizona, Utah, Texas, Louisiana, Georgia, Ala- 
bama, Florida, California, Oregon, and Washington 
state by 2025.'” Additional parts of the United 
States could face similar constraints as a result 
of drought, growing populations, and increasing 
demand for water for various uses, at least season- 
ally.*”'* Situations where the development of new 
power plants is being slowed down or halted due 
to inadequate cooling water are becoming more 
frequent throughout the nation.'*” 

The issue of competition among various water uses 
is dealt with in more detail in the Water Resources 
sector. In connection with these issues and other re- 
gional water scarcity impacts, energy is likely to be 
needed to move and manage water. This is one of 
many examples of interactions among the impacts 
of climate change on various sectors that, in this 
case, affects energy requirements. 


Global Climate Change impacts in the United States 



Nuclear, coal, and natural gas power plants require large 
amounts of water for cooling.'*' 


In addition to the problem of water availability, 
there are issues related to an increase in water 
temperature. Use of warmer water reduce.s the effi- 
ciency of thermal power plant cooling technologies. 
And. warmer water discharged from power plants 
can alter species composition in aquatic ecosys- 
tems.^'” Large coal and nuclear plants have been 
limited in their operations by reduced river levels 
caused by higher temperatures and thermal limits 
on water discharge.'”' 

The efficiency of thermal power plants, fossil 
or nuclear, is sensitive to ambient air and water 
temperatures; higher temperatures reduce power 
outputs by affecting the efficiency of cooling.'”' 
Although this effect is not large in percentage 
terms, even a relatively small change could have 
significant implications for total national electric 
power supply.'"” For example, an average reduction 
of I percent in electricity generated by thermal 
power plants nationwide would mean a loss of 25 
billion kilowatt-hours per year,*” about the amount 
of electricity consumed by 2 million Americans, a 
loss that would need to be supplied in some other 
way or offset through measures that improve 
energy efficiency. 
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Energy production and delivery 
systems are exposed to sea-level 
rise and extreme weather events in 
vulnerable regions, 

Seo-level rise 

A significant fraction of America’s energy infra- 
structure is located near the coasts, from power 
plants, to oil refineries, to facilities that receive oil 
and gas deliveries.''^' Rising sea levels are likely to 
lead to direct losses, such as equipment damage 
from flooding or erosion, and indirect effects, such 
as the costs of raising vulnerable assets to higher 
levels or building new facilities farther inland, in- 
creasing transportation costs.'^' The U.S. East Coast 
and Gulf Coast have been identified as particularly 
vulnerable to sea-level rise because the land is rela- 
tively flat and also sinking in many places.'**' 

Extreme events 

Observed and projected increases in a variety of 
extreme events will have significant impacts on the 
energy sector. As witnessed in 2005, hurricanes 
can have a debilitating impact on energy infrastruc- 
ture. Direct losses to the energy industry in 2005 
are estimated at $15 billion,'^' with millions more 
in restoration and recovery costs. As one example, 
the Yscloskey Gas Processing Plant (located on 


the Louisiana coast) was forced to close for six 
months following Hurricane Katrina, resulting in 
lost revenues to the plant’s owners and employees, 
and higher prices to consumers, as gas had to be 
procured from other sources.’^' 

The Impacts of an increase in severe weather are 
not limited to hurricane-prone areas. For example, 
rail transportation lines, which carry approxi- 
mately two-thirds of the coal to the nation’s power 
plants,*'" often follow riverbeds, especially in the 
Appalachian region.'^' More intense rainstorms, 
which have been observed and projected,''*"- can 
lead to rivers flooding, which can '‘wash out” or 
degrade nearby railbeds and roadbeds.'®' This is 
also a problem in the Midwest, which experienced 
major flooding of the Mississippi River in 1993 
and 2008.'^'^ 

Development of new energy facilities could be re- 
stricted by siting concerns related to sea-level rise, 
exposure to extreme events, and increased capital 
costs resulting from a need to provide greater pro- 
tection from extreme events.'^' 

The electricity grid is also vulnerable to climate 
change effects, from temperature changes to severe 
weather events.'®' The most familiar example is 
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Significart WK^er-Related U.S. Etectric Grid Disturbances 
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effects of severe weather events on power lines, 
such as from ice storms, thunderstorms, and hur- 
ricanes. in the summer heat wave of 2006, for 
example, electric power transformers failed in 
several areas (including St. Louis, Missouri, and 
Queens, New York) due to high temperatures, caus- 
ing interruptions of electric power supply. It is not 
yet possible to project effects of climate change on 
the grid, because so many of the effects would be 
more localized than current climate change models 
can depict; but, weather-related grid disturbances 
are recognized as a challenge for strategic planning 
and risk management. 

Climate change is likely to affect some 
renewable energy sources across the 
nation, such as hydropower production 
in regions subject to changing patterns 
of precipitation or snowmelt. 


Northwest.'^' It is likely to be significantly affected 
by climate change in regions subject to reduced 
precipitation and/or water from melting snowpack. 
Significant changes are already being detected in 
the timing and amount of .stream flows in many 
western rivers,'**^ consistent with the predicted ef- 
fects of global warming. More precipitation coming 
as rain rather than snow, reduced snowpack. earlier 
peak runoff, and related effects are beginning to 
affect hydropow'er availability.'^ 

Hydroelectric generation is very sensitive to chang- 
es in precipitation and river discharge. For example, 
every I percent decrease in precipitation results 
in a 2 to 3 percent drop in streamflow;^'^ every 1 
percent decrease in streamflow in the Colorado 
River Basin results in a 3 percent drop in power 
generation.*'” Such magnifying sensitivities occur 
because water flows through multiple power plants 
in a river basin.'"' 


Renewable sources currently account for about 
9 percent of electricity production in the United 
States.^°^ Hydroelectric power is by far the largest 
renewable contributor to electricity generation,’"' 
accounting for about 7 percent of total U.S. elec- 
tricity.^'* Like many things discussed in this report, 
renewable energy resource.s have strong interrela- 
tionships with climate change; using renewable en- 
ergy can reduce the magnitude of climate change, 
w'hiie climate change can affect the prospects for 
using some renewable energy sources. 

Hydropower is a major source of electricity in 
some regions of the United States, notably in the 


Climate impacts on hydropower occur when either 
the total amount or the timing of runoff is altered, 
such as when natural water storage in snowpack 
and glaciers is reduced under hotter conditions. 
Glaciers, snowpack, and their associated runoff are 
already declining in the West, and larger declines 
are projected.'®^ 

Hydropower operations are also affected by chang- 
es to air temperatures, humidity, or wind patterns 
due to climate change."” These variables cause 
changes in water quantity and quality, including 
water temperature. Warmer air and water generally 
increase the evaporation of water from the surface 
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winds affect wind power, and temperature and wa- 
ter availability affect biomass production (particu- 
larly related to water requirements for biofuels),’'” 
The limited research to date on these important is- 
sues does not support firm conclusions about where 
such impacts would occur and how significant they 
w'ould be.^°’ This is an area that calls for much 
more study (see An Agenda for Climate Impacts 
Science section. Recommendation 2). 


of reservoirs, reducing the 
amount of water available 
for power production and 
other uses. Huge reservoirs 
with large surface areas, 
located in arid, sunny parts 
of the country, such as Lake 
Mead (located on Arizona- 
Nevada border on the Colo- 
rado River), are particularly 
susceptible to increased 
evaporation due to warming, 
meaning less water will be 
available for all uses, includ- 
ing hydropower.''^' And, 
where hydropower dams 
flow into watervvays that 
support trout, salmon or other coldwater fisheries, 
warming of reservoir releases might have detrimen- 
tal consequences that require changes in operations 
that reduce power production.''^' Such impacts 
will increasingly translate into competition for 
water resources. 


Climate change is also likely to atTect other renew- 
able energy sources. For example, changing cloud 
cover affects solar energy resources, changes in 
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The US. transport sector is a significant source of greenhouse gases, accounting for 27 percent 
of US. emissions.--' While it is widely recognized that emissions from transportation have 
a major impact on climate, climate change will also have a major impact 
on transportation. 


Climate change impacts pose significant challenges to our nation’s multi- 
modal transportation system and cause disruptions in other sectors across 
the economy. For example, major flooding in the Midwest in 1993 and 2008 
restricted regional travel of all types, and disrupted freight and rail shipments 
across the country, such as those bringing coal to power plants and chlorine 
to water treatment systems. The U.S. transportation network is vital to the na- 
tion’s economy, safety, and quality of life. 


Extreme events present major challenges for transportation, and such events 
are becoming more frequent and intense. Historical weather patterns arc no 
longer a reliable predictor of the future.”'^ Transportation planners have not 
typically accounted for climate change in their long-term planning and project 
development. The longevity of transportation infrastructure, the long-term 
nature of climate change, and the potential impacts identified by recent studies 
warrant serious attention to climate change in planning new or rehabilitated 
tran.sportation systems.^^ 


a railroad bridge on the Cedar River 
during record flooding in June 2006, 
in Cedar Rapids, Iowa. 


The strategic examination of national, regional, state, and local networks is an important step 
toward understanding the risks posed by climate change. A range of adaptation responses can be 
employed to reduce risks through redesign or relocation of infrastructure, increased redundancy 
of critical services, and operational improvements. Adapting to climate change is an evolutionary 
process. Through adoption of longer planning horizons, risk management, and adaptive respons- 
es, vulnerable transportation infrastructure can be made more resilient.-’’ 
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Sea-leve! rise and storm surge will 
increase the risk of major coastal 
impacts, including both temporary and 
permanent flooding of airports* roads, 
rail lines, and tunnels. 

Sea-level rise 

Transportation infrastructure in U.S. coastal areas 
is increasingly vulnerable to sea-level rise. Given 
the high population density near the coasts, the 
potential exposure of transportation infrastructure 
to flooding is immense. Population swells in these 
areas during the summer months because beaches 
are very important tourist destinations.-- 

In the Gulf Coast area alone, an estimated 2,400 
miles of major roadway and 246 miles of freight 
rail lines are at risk of permanent flooding 
within 50 to 100 years as global warming and 
land subsidence (sinking) combine to produce an 
anticipated relative sea-level rise in the range of 4 
feet.-” Since the Gulf Coast region's transportation 
network is interdependent and relies on minor roads 
and other low-lying infrastructure, the risks of 
service disruptions due to sea-level rise are likely to 
be even greater.^*’’ 


Coastal areas are also major centers of economic 
activity. Six of the nation's lop 10 freight gateways 
(measured by the value of shipments) will be threat- 
ened by sea-leve] rise."- Seven of the 10 largest 
ports (by tons of traffic) are located on the Gulf 
Coast.^- The region is also home to the U.S. oil and 
gas industry, with its offshore drilling platforms, 
refineries, and pipelines. Roughly two-thirds of 
all U.S. oil imports are transported through this 
region-'* (see Energy sector). Sea-leve! rise would 
potentially affect commercial transportation activ- 
ity valued in the hundreds of billions of dollars an- 
nually through inundation of area roads, railroads, 
airports, seaports, and pipelines.'” 

Storm surge 

More intense storms, especially when coupled 
with sea-level rise, will result in far-reaching and 
damaging storm surges. An estimated 60.000 miles 
of coastal highway are already exposed to periodic 
flooding from coastal storms and high waves.-* 
Some of these highways currently serve as evacu- 
ation routes during hurricanes and other coastal 
storms, and these routes could become seriously 
compromised in the future. 


Gulf Coast Area Roads at Risk from Sea Level Rise 
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Coastal areas are projected to experience 
continued development pressures as both 
retirement and tourist destinations. Many of the 
most populous counties of the Gulf Coast, which 
already experience the effects of tropical storms, 
are expected to grow rapidly in the coming 
decades.*^ This growth will generate demand for 
more transportation Infrastructure and services, 
challenging transportation planners to meet the 
demand, address current and future flooding, and 
plan for future conditions.”’’ 


Land 

More frequent inundation and interruptions in 
travel on coastal and low-lying roadways and rail 
lines due to storm surge are projected, potentially 
requiring changes to minimize disruptions. More 
frequent evacuations due to severe storm surges 
are also likely. Across the United States, many 
coastal citie.s have subways, tunnels, parking lots, 
and other transportation infrastructure below 


ground. Underground tunnels and other low'-lying 
infrastructure will experience more frequent and 
severe flooding. Higher sea levels and storm surges 
will also erode road base and undermine bridge 
supports. The loss of coa.stal wetlands and barrier 
islands will lead to further coastal erosion due to 
the loss of natural protection from wave action. 


Wotcr 

Impacts on harbor infrastructure from wave dam- 
age and storm surges are projected to increase. 
Changes will be required in harbor and port 
facilities to accommodate higher tides and storm 
surges. There will be reduced clearance under some 
waterway bridges for boat traffic. Changes in the 
navigability of channels are expected; some will 
become more accessible (and extend farther inland) 
because of deeper waters, while others will be 
restricted because of changes in sedimentation rates 
and sandbar locations. In some areas, waterway 
systems will become part of open water as barrier 
islands disappear. Some channels are likely to have 
to be dredged more frequently as has been done 
across large open-water bodies in Texas.”^ 
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Air 

Airports in coastal cities are often located adjacent 
to rivers, estuaries, or open ocean. Airport runways 
in coastal areas face inundation unless effective 
protective measures are taken. There is the po- 
tential for closure or restrictions for several of the 
nation's busiest airports that lie in coastal zones, 
affecting service to the highest density populations 
in the United States. 


Flooding from increasingly intense 
downpours will increase the risk of 
disruptions and delays in air, rail, and 
road transportation, and damage from 
mudslides in some areas. 

Heavy downpours have already increased substan- 
tially in the United States; the heaviest 1 percent 
of precipitation events increased by 20 percent, 
while total precipitation increased by only 7 percent 
over the past century.”^ Such intense precipitation 
is likely to increase the frequency and severity 
of events such as the Great Flood of 1993, which 
caused catastrophic flooding along 500 miles of 
the Mississippi and Missouri river system, paralyz- 
ing surface transportation systems, including rail, 
truck, and marine traffic. Major east-west traffic 
was hailed for roughly six weeks in an area stretch- 
ing from St. Louis, Missouri, west to Kansas City, 
Missouri and north to Chicago, Illinois, affecting 
one-quarter of all U.S. freight, which cither origi- 
nated or terminated in the flood-affected region.^“ 

The June 2008 Midwest flood was the second 
record-breaking Hood in the past 15 years. Dozens 
of levees were breached or overtopped in Iowa, 
Illinois, and Missouri, flooding huge areas, includ- 
ing nine square miles in and around Cedar Rapids, 
Iowa. Numerous highway and rail bridges were 
impas.sable due to flooding of approaches and 
transport was shut down along many stretches of 
highway, rail line.s, and normally navigable water- 
ways. 

Planners have generally relied on weather extremes 
of the past as a guide to the future, planning, for 
example, for a “lOO-year flood,*' which is now 
likely to come more frequently as a result of 


climate change. Historical analysis of weather data 
has thus become less reliable as a forecasting tool. 
The accelerating changes in climate make it more 
difficult to predict the frequency and intensity of 
weather events that can affect transportation. 

Land 

The increase in heavy precipitation will inevita- 
bly cause increases in weather-related accidents, 
delays, and traffic disruptions in a network already 
challenged by increasing congestion.*'^ There will 
be increased flooding of evacuation routes, and 
construction activities will be disrupted. Changes 
in rain, snowfall, and seasonal flooding will impact 
safety and maintenance operations on the nation's 
roads and railways. For example, if more precipita- 
tion fails as rain rather than snow in winter and 
spring, there will be an increased risk of landslides, 
slope failures, and floods from the runoff, causing 
road closures as well as the need for road repair and 
reconstruction*^^ (see Water Resources sector). 

Increased flooding of roadways, rail lines, and 
underground tunnels is expected. Drainage systems 
will be overloaded more frequently and severely, 
causing backups and street flooding. Areas where 
flooding is already common will face more fre- 
quent and severe problems. For example, Louisiana 
Highway 1. a critical link in the transport of oil 
from the Gulf of Mexico, has recently experienced 
increased flooding, prompting authorities to elevate 
the road (see Adaptation Box page 58).*” Increases 
in road washouts, damage to railbed support struc- 
tures, and landslides and mudslides that damage 
roads and other infrastructure are expected, If soil 
moisture levels become too high, the structural 
integrity of roads, bridges, and tunnels, which in 
some cases are already under age-related stress and 
in need of repair, could be compromised. Stand- 
ing water will have adver.se impacts on road base. 
For example, damage due to long term submersion 
of roadways in Louisiana was estimated to be $50 
million for just 200 miles of state-owned highway. 
The Louisiana Department of Transportation and 
Development noted that a total of 1,800 miles of 
roads were under water for long periods, requiring 
costly repairs.^” Pipelines are likely to be damaged 
because intense precipitation can cause the ground 
to sink underneath the pipeline; in shallow river- 
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beds, pipelines are more exposed to the elements 
and can be subject to scouring and shifting due to 
heavy precipitation.^'’ 

Water 

Facilities on land at ports and harbors will be vul- 
nerable to short term flooding from heavy down- 
pours, interrupting shipping service. Changes in 
silt and debris buildup resulting from extreme pre- 
cipitation events will affect channel depth, increas- 
ing dredging costs. The need to expand stormwater 
treatment facilities, which can be a significant ex- 
pense for container and other terminals with large 
impermeable surfaces, will increase. 

Air 

Increased delays due to heavy downpours are 
likely to affect operations, causing increasing flight 
delays and cancellations.^” Stormwater runoff that 
exceeds the capacity of collection and drainage 
systems will cause flooding, delays, and airport 
closings. Heavy downpours will affect the struc- 
tural integrity of airport facilities, such as through 
flood damage to runways and other infrastructure. 
Ail of these impacts have implications for emer- 
gency evacuation planning, facility maintenance, 
and safety.”' 


The increase in extreme heat will limit 
some transportation operations and 
cause pavement and track damage. 
Decreased extreme cold will provide 
some benefits such as reduced snow and 
ice removal costs. 

Land 

Longer periods of extreme heat in summer can 
damage roads in several ways, including softening 
of asphalt that leads to rutting from heavy traffic.'” 
Sustained air temperature over 90®F is a significant 
threshold for such problems (see maps page 34). 
Extreme heat can cause deformities in rail tracks, 
at minimum resulting in speed restrictions and, 
at worst, causing derailments. Air temperatures 
above 100®F can lead to equipment failure (see 
maps page 90). Extreme heat also causes thermal 
expansion of bridge joints, adversely affecting 
bridge operations and increasing maintenance 
costs. Vehicle overheating and tire deterioration are 
additional concerns.”' Higher temperatures will 
also increase refrigeration needs for goods during 
transport, particularly in the South, raising trans- 
portation costs.”’ 

Increases in very hot days and heat waves are ex- 
pected to limit construction activities due to health 
and safety concerns for highway workers. Guid- 


65 




512 


U.S, Global Change Research Program 


Global Climate Change impacts in the United States 




ti II lii;:- i 


ance from the U.S. Occupational Safety and Health 
Administration states that concern for heat stress 
for moderate to heavy work begins at about 80°F 
as measured by an index that combines tempera- 
ture, wind, humidity, and direct sunlight. For dry 
climates, such as Phoenix and Denver, National 
Weather Service heat indices above 90“F might 
allow work to proceed, while higher humidity areas 
such as New Orleans or Miami should consider 80 
to 85°F as an initial level for work restrictions.*-’ 
These trends and associated impacts will be exac- 
erbated in many places by urban heat island effects 
(see Human Health and Society sectors). 


Wildfires are projected to increase, especially in 
the Southwest (see Southwest region), threatening 
communities and infrastructure directly and bring- 
ing about road and rail closures in affected areas. 

In many northern states, warmer winters will bring 
about reductions in snow and ice removal costs, 
lessen adverse environmental impacts from the use 
of salt and chemicals on roads and bridges, extend 
the construction season, and improve the mobility 
and safety of passenger and freight travel through 
reduced winter hazards. On the other hand, more 
freeze-thaw conditions are projected to occur in 
northern states, creating frost heaves and potholes 
on road and bridge surfaces and resulting in load 
restrictions on certain roads to minimize the dam- 
age. With the expected earlier onset of seasonal 
warming, the period of springtime load restrictions 
might be reduced in some areas, but it is likely to 
expand in others with shorter winters but longer 
thaw season.s. Longer construction seasons will be 
a benefit in colder locations.*-^ 

Water 

Warming is projected to mean a longer shipping 
season but lower water levels for the Great Lakes 
and St. Lawrence Seaway. Higher temperatures, 
reduced lake ice. and increased evaporation are 
expected to combine to produce lower water levels 
as climate warming proceeds (see Midwest re- 
gion). With lower lake levels, ships will be unable 
to carry as much cargo and hence shipping costs 
will increase. A recent study, for example, found 
that the projected reduction in Great Lakes water 
levels would result in an estimated 13 to 29 percent 
increase in shipping costs for Canadian commercial 
navigation by 2050, all else remaining eqiiai.’*^ 

If low water levels become more common because 
of drier conditions due to climate change, this could 
create problems for river traffic, reminiscent of the 
stranding of more than 4,000 barges on the Mis- 
sissippi River during the drought in 1988. Freight 
movements in the region could be seriously im- 
paired, and extensive dredging could be required 
to keep shipping channels open. On the other hand, 
a longer shipping season afforded by a warmer 
climate could offset some of the resulting adverse 
economic effects. 
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rj.'^ qnble Inland Watarways 



Inland waterways are an important part of the tran^>omtl(»t'i|eework In:':: 
various parts of the United States. For exampfei these wMWwap 4 

20 states with access to the Gulf of Mexico.*^ As, corefitk>ns be<»me <^l«r,T 
these main transportation pathways are llkety to adversely affecttd hy '(}w 

resulting lower water levels, creating problems for river Names of . 


In cold areas, the projected decrease in very cold 
days will mean less ice accumulation on vessels, 
decks, riggings, and docks; less ice fog; and fewer 
ice jams in ports."“ 

Air 

Rising temperatures will affect airport ground 
facilities, runways in particular, in much the same 
way they affect roads. Airports in some areas are 
likely to benefit from reduction in the cost of snow 
and ice removal and the impacts of salt and chemi- 
cal use, though some locations have seen increases 
in snowfall. Airlines could benefit from reduced 
need to de-ice planes. 


at affected airports, and could require 
some airports to lengthen runways. 
Recent hot summers have seen flights 
cancelled due to heat, e.speciai}y in 
high altitude locations. Economic 
losses are expected at affected air- 
ports. A recent illustrative analysis 
projects a 17 percent reduction in , 
freight carrying capacity for a single 
Boeing 747 at the Denver airport by 
2030 and a 9 percent reduction at the 
Phoenix airport due to increased tem- 
perature and water vapor. 

Drought 

Rising air temperatures increase 
evaporation, contributing to dry 
conditions, especially when accompa- 
nied by decreasing precipitation. Even 
where total annual precipitation does 
not decrease, precipitation is projected 
to become less frequent in many parts 
of the country.^* Drought is expected to be an in- 
creasing problem In some regions; this, in turn, has 
impacts on transportation. For example, increased 
susceptibility to wildfires during droughts could 
threaten roads and other transportation infra.struc- 
ture directly, or cause road closures due to fire 
threat or reduced visibility such as has occurred 
in Florida and California in recent years. There is 
also increased susceptibility to mudslides in areas 
deforested by wildfires. Airports could suffer from 
decreased visibility due to wildfires. River trans- 
port is seriously affected by drought, with reduc- 
tions in the routes available, shipping season, and 
cargo carrying capacity. 



More heat extremes will create added operational 
difficulties, for example, causing greater energy 
consumption by planes on the ground. Extreme 
heat also affects aircraft lift; because hotter air is 
les.s dense, it reduces the lift produced by the wing 
and the thrust produced by the engine - problems 
exacerbated at high altitudes and high tempera- 
tures. As a result, planes need to take off faster, 
and if runways are not sufficiently long for aircraft 
to build up enough speed to generate lift, aircraft 
weight must be reduced. Thus, increases in ex- 
treme heat will result in payload restrictions, could 
cause flight cancellations and service disruptions 


Increased intensity of .strong hurricanes 
would lead to more evacuations, 
infrastructure damage and failure, and 
transportation interruptions. 

More intense hurricanes in some regions are a 
projected effect of climate change. Three aspects 
of tropical storms are relevant to transportation: 
precipitation, winds, and wind-induced storm 
surge. Stronger hurricanes have longer periods of 
intense precipitation, higher wind speeds (dam- 
age increases exponentially with wind speed”*). 
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and higher storm surge and waves. Transporta- 
tion planners, designers, and operators may need 
to adopt probabilistic approaches to developing 
transportation projects rather than relying on 
standards and the deterministic approaches of the 
past. The uncertainty associated with projecting 
impacts over a 50- to 100-year time period makes 
risk management a reasonable approach for realis- 
tically incorporating climate change into decision 
making and investment.*'* 

Land 

There will be a greater probability of infrastruc- 
ture failures such as highway and rail bridge 
decks being displaced and railroad tracks being 
washed away. Storms leave debris on roads and 
rail lines, which can damage the infrastructure 
and interrupt travel and shipments of goods. In 
Louisiana, the Department of Transportation and 


Development spent $74 million for debris removal 
alone in the wake of hurricanes Katrina and Rita. 
The Mississippi Department of Transportation 
expected to spend in excess of $1 billion to re- 
place the Biloxi and Bay St. Louis bridges, repair 
other portions of roadway, and remove debris. As 
of June 2007, more than $672 million had 
been spent. 

There will be more frequent and potentially 
more extensive emergency evacuations. Dam- 
age to signs, lighting fixtures, and supports will 
increase. The lifetime of highways that have been 
exposed to flooding is expected to decrease. Road 
and rail infrastructure for passenger and freight 
services are likely to face increased flooding by- 
strong hurricanes. In the Gulf Coast, more than 
one-third of the rail miles are likely to flood when 
subjected to a storm surge of 18 feet.-'’ 
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the lower 48 states. Although Alaska is tw'ice the 
size of Texas, its population and road mileage are 
more like Vermont’s. Only 30 percent of Alaska’s 
roads are paved. Air travel is much more common 
than in other states. Alaska has 84 commercial air- 
ports and more than 3.000 airstrips, many of which 
are the only means of transport for rural communi- 
ties. Unlike other states, over much of Alaska, the 
land is generally more accessible in winter, when 
the ground is frozen and ice roads and bridges 
formed by frozen rivers are available. 


Water 

All aspects of shipping are disrupted by major 
storms. For example, freight shipments need to 
be diverted from the storm region. Activities at 
offshore drilling sites and coastal pumping facili- 
ties are generally suspended and extensive damage 
to these facilities can occur, as was amply demon- 
strated during the 2005 hurricane season. Refiner- 
ies and pipelines are also vulnerable to damage 
and disruption due to the high winds and storm 
surge associated with hurricanes and other tropical 
storms (see Energy sector). Barges that are unable 
to get to safe harbors can be destroyed or severely 
damaged. Waves and storm surge will damage 
harbor infrastructure such as cranes, docks, and 
other terminal facilities. There are implications for 
emergency evacuation planning, facility mainte- 
nance, and safety management. 

Air 

More frequent interruptions in air service and 
airport closures can be expected. Airport facili- 
ties including terminals, navigational equipment, 
perimeter fencing, and signs are likely to sustain 
increased wind damage. Airports are frequently 
located in low-lying areas and can be expected to 
flood with more intense storms. As a response to 
this vulnerability, some airports, such as LaGuar- 
dia in New York City, are already protected by 
levees. Eight airports in the Gulf Coast region of 
Louisiana and Texas are located in historical 100- 
year flood plains; the lOO-year flood events will be 
more frequent in the future, creating the likelihood 
of serious costs and disruption.^” 

Arctic warming will continue to 
reduce sea ice, lengthening the ocean 
transport season, but also resulting in 
greater coastal erosion due to waves. 
Permafrost thaw in Alaska will damage 
infrastructure. The ice road season will 
become shorter. 

Special issues in Alaska 
Warming has been most rapid in high northern 
regions. As a result, Alaska is warming at twice the 
rale of the rest of the nation, bringing both major 
opportunities and major challenges. Alaska’s trans- 
portation infrastructure differs sharply from that of 


Sea ice decline 

The striking thinning and downward trend in the 
extent of Arctic sea ice is regarded as a consider- 
able opportunity for shippers. Continued reduction 
in sea ice should result in opening of additional 
ice-free ports, improved access to ports and natu- 
ral resources in remote areas, and longer shipping 
seasons, but it is likely to increase erosion rates on 
land as well, raising costs for maintaining ports and 
other transportation jnfrastructure.”^-^^® 

Later this century and beyond, shippers are looking 
forward to new Arctic shipping routes, including 
the fabled Northwest Passage, which could provide 
significant costs saving in shipping times and 
distances. However, the next few decades are likely 
to be very unpredictable for shipping through these 
new routes. The past three decades have seen very 
high year-to-year variability of sea ice extent in the 
Canadian Arctic, despite the overall decrea.se in 
September sea ice extent. The loss of sea ice from 
the shipping channels of the Canadian Archipelago 
might actually allow more frequent intrusions of 
icebergs, which would continue to impede shipping 
through the Northwest Passage, 

Lack of sea ice, especially on the northern shores of 
Alaska, creates conditions whereby storms produce 
waves that cause serious coastal erosion.'”'^” Al- 
ready a number of small towns, roads, and airports 
are threatened by retreating coastlines, necessitat- 
ing the planned relocation of these communities 
(see Alaska region).”--^® 

Thawing ground 

The challenges warming presents for transportation 
on land are considerable.*'^^ For highways, thawing 
of permafrost causes settling of the roadbed and 
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frost heaves that adversely affect the integrity of 
the road structure and its load-carrying capacity. 
The majority of Alaska’s highways are located in 
areas where permafrost is discontinuous, and deal- 
ing with thaw settlement problems already claims a 
significant portion of highway maintenance dollars. 

Bridges and large culverts are particularly sensitive 
to movement caused by thawing permafrost and 
are often much more difficult than roads to repair 
and modify for changing site conditions. Thus, 
designing these facilities to take climate change 
into account is even more critical than is the case 
for roads. 

Another impact of climate change on bridges is in- 
creased scouring. Hotter, drier summers in Alaska 
have led to increased glacial melting and longer pe- 
riods of high streamflows, causing both increased 


sediment in rivers and scouring of bridge sup- 
porting piers and abutments. Temporary ice roads 
and bridges are coinmoniy used in many parts of 
Alaska to access northern communities and provide 
support for the mining and oil and gas industries. 
Rising temperatures have already shortened the 
season during which these critical facilities can be 
used. Like the highway system, the Alaska Rail- 
road crosses permafrost terrain, and frost heave and 
settlement from thawing affect some portions of the 
track, increasing maintenance costs.-® '^- --'' 

A significant number of Alaska's airstrips in the 
southwest, northwest, and interior of the state are 
built on permafrost. These airstrips will require 
major repairs or relocation if their foundations are 
compromised by thawing. 

The cost of maintaining Alaska’s public infrastruc- 
ture is projected to increase 10 to 20 percent by 
2030 due to warming, costing the state an addition- 
al $4 billion to $6 billion, with roads and airports 
accounting for about half of this co.st.”'^ Private 
infrastructure impacts have not been evaluated,-’’ 

The Trans-Alaska Pipeline System, which stretches 
from Prudhoe Bay in the north to the ice-free port 
of Valdez in the south, crosses a wide range of per- 
mafrost types and varying temperature conditions. 
More than half of the 800-mile pipeline is elevated 
on vertical supports over potentially unstable per- 
mafrost. Because the system was designed in the 
early 1970s on the basis of permafrost and climate 
conditions of the 1950 to 1970 period, it requires 
conTmuous monitoring and some supports have had 
to be replaced. 

Travel over the tundra for oil and gas exploration 
and extraction is limited to the period when the 
ground is sufficiently frozen to avoid damage to 
tl^e fragile tundra. In recent decades, the number 
of days that exploration and extraction equipment 
could be used has dropped from 200 days to 100 
days per year due to warming. ““ With continued 
warming, the number of exploration days is expect- 
ed to decline even more. 
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Key Messages: 

• Many crops show positive responses to elevated carbon dioxide and low 
levels of wanning, btit higher levels of warming often negatively affect 
growth and yields. 

• Extreme, events such as heavy downpours and drou^cs are likely to reduce 
, , crop welds because excesses or deficits of water have, negative impacts on,, 

, plant growth. ■ , , ' 

• Weeds, diseases, and insect pests benefit from warming, and weeds also ■ 

I benefit from a higher carbon dioxide concentration, increasing stress on - 

; crop plants and requiring more attention to pest and weed coniroi. 

Forage quality in pastures and rangelands generally declines with increasing 
I carbon dioxide concentration because of the effects on pisnt nitrogen and 
|i protein content, reducing the land’s ability to supply adequate livestock feed. 
Increased heat, disease, and weather extremes are likely to reduce livestock 
productivity, s 


Agriculture in the United States is extremely diverse in the range of crops 
grown and animals raised, and produces over $200 billion a year in food com- 
modities, with livestock accounting for more than half. Climate change will 
increase productivity in certain crop.s and regions and reduce productivity in 
others (see for example Midwest and Great Plains regions).’’^ 

While climate change clearly affects agriculture, climate is also affected by 
agriculture, which contributes 13.5 percent of all human-induced greenhouse 
ga.s emission, s globally. In the United Slates, agriculture represents 8.6 percent 
of the nation’s total greenhouse gas emissions. 


including 80 percent of its nitrous oxide emissions 
and 31 percent of its methane emissions.*” 


Ma.Ktit Value of Agncultu'al h’roi icts Sold 2002 


Increased agricultural productivity will be required 
In the future to supply the needs of an increasing 
population. Agricultural productivity is depen- 
dent upon the climate and land resources. Climate 
change can have both beneficial and detrimental 
impacts on plants. Throughout history, agricultural 
enterprises have coped with changes in climate 
through changes in management and in crop or 
animal selection. However, under higher heat-trap- 
ping gas emissions scenarios, the projected climate 
changes are likely to increasingly challenge U.S. 
capacity to as efficiently produce food, feed, fuel, 
and livestock products. 
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Many crops show positive responses 
to elevated carbon dioxide and low 
levels of warming, but higher levels of 
warming often negatively affect growth 
and yields. 

Crop responses in a changing climate reflect the 
interplay among three factors: rising temperatures, 
changing water resources, and increasing carbon 
dioxide concentrations. Warming generally causes 
plants that are below their optimum temperature to 
grow faster, with obvious benefits. For some plants, 
such as cereal crops, however, faster growth means 
there is less time for the grain itself to grow and 
mature, reducing yields.'’^ For some annual crops, 
this can be compensated for by adjusting the plant- 
ing date to avoid late season heat stress.'^ 

The grain-filling period (the time when the seed 
grows and matures) of wheat and other small grains 
shortens dramatically with rising temperatures. 
Analysis of crop responses suggests that even mod- 
erate increases in temperature will decrease yields 
of corn, wheat, sorghum, bean, rice, cotton, and 
peanut crops.''*^ 

Some crops are particularly sensitive to high night- 
time temperatures, which have been rising even 
faster than daytime temperatures.^* Nighttime 
temperatures are expected to continue to rise in the 
future. These changes in temperature are espe- 
cially critical to the reproductive phase of growth 
because warm nights increase the respiration rate 
and reduce the amount of carbon that is captured 
during the day by photosynthesis to be retained in 


the fruit or grain. Further, as temperatures continue 
to rise and drought periods increase, crops will be 
more frequently exposed to temperature thresholds 
at which pollination and grain-set processes begin 
to fail and quality of vegetable crops decreases. 
Grain, soybean, and canola crops have relatively 
low optima! temperatures, and thus will have re- 
duced yields and will increasingly begin to expe- 
rience failure as warming proceeds.'*” Common 
snap beans show substantia! yield reduction when 
nighttime temperatures exceed 80°F. 

Higher temperatures will mean a longer grow- 
ing season for crops that do w'eil in the heat, such 
as melon, okra, and .sweet potato, but a shorter 
growing season for crops more suited to cooler 
conditions, such as potato, lettuce, broccoli, and 
spinach.'*” Higher temperatures also cause plants to 
use more water to keep cool. This is one example of 
how the interplay between rising temperatures and 
water availability is critical to how plants respond 
to climate change. But fruits, vegetables, and grains 
can suffer even under well-watered conditions if 
temperatures e.xceed the maximum level for pol- 
len viability in a particular plant; if temperatures 
exceed the threshold for that plant, it won’t produce 
seed and so it won't reproduce.'’^ 

Temperature increases will cause the optimum 
latitude for crops to move northward; decreases in 
temperature would cause shifts toward the equa- 
tor. Where plants can be efficiently grown depends 
upon climate conditions, of which temperature is 
one of the major factors. 
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For each plant variety. there is an optimal temperature for vegetative growth, wirfi growth 
dropping off as temperatures increase «■ dea-ease. Stmilwly, there is a range of temperatures 
at which a plant wilt produce seed. Outside of this range, the plant will not reproduce. 
As the graphs show, com will fcul to. reproduce at iemperatur« above 95*F and soybean 
above 102*F " ' , 


Corn and Soybean Temperature Response 


Plants need adequate water to 
maintain their temperature within 
an optimal range. Without water 
for cooling, plants will suffer heal 
stress, in many regions, irrigation 
water is used to maintain adequate 
temperature conditions for the 
growth of cool season plants (such 
as many vegetables), even in warm 
environments. With increasing de- 
mand and competition for freshwater 
supplies, the water needed for these 
crops might be increasingly limited. 

I f water supply variability increases, 
it will affect plant growth and cause 
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Increase in Percent of Very Warm Nights 



The graph shows the observed and projected irfwi^irepWTMntofv^i 
warm nights from the 1950-1990 average in thei^itsd States, 
the lower emissions scenario,’* the percent^® of very wann n^ 5 ht» 
IS projected to increase about 20 percent by^2t0(5. Under the 
emissions scenario,” it is projected to increaseby about 40 percei^** 
The shaded areas show the likely ranges whltethe Hoes show ^ oenoal 
projections from a set of climate models. The pr«^ect^ns 4^e» 
smooth because they show the calculated average ofmaiymod^ , 


reduced yields. The amount and timing of precipi- 
tation during the growing season are also critical, 
and will be affected by climate change. Changes 
in season length are also important and affect 
crops differently,'^’ 

Higher carbon dioxide levels generally cause plants 
to grow larger. For some crops, this is not necessar- 
ily a benefit because they are often less nutritious, 
with reduced nitrogen and protein content. Carbon 
dioxide also makes some plants more water-use 
efficient, meaning they produce more plant mate- 
rial, .such as grain, on less water.'^ This is a benefit 
in water-limited areas and in seasons with less than 
normal rainfall amounts. 

In some cases, adapting to climate change could 
be as simple as changing planting dates, which can 
be an effective no- or low-cost option for taking 
advantage of a longer growing season or avoiding 
crop exposure to adverse climatic conditions such 
as high temperature stress or low rainfall periods. 
Effectiveness will depend on the region, crop, and 
the rate and amount of warming. It is unlikely to be 
effective if a farmer goes to market when the sup- 
ply-demand balance drives prices down. Predicting 
the optimum planting date for maximum profits 
will be more challenging in a future with increased 


uncertainty regarding climate effects on not 
only loc^I productivity, but also on supply 
from competing regions.'^’ 

Another adaptation strategy involves 
changing to crop varieties with improved 
tolerance to heat or drought, or those that 
are adapted to take advantage of a longer 
growing season. This is less likely to be 
cost-effective for perennial crops, for which 
changing varieties is extremely expensive 
and new plantings take several years to 
reach maximum productivity. Even for an- 
nual crops, changing varieties is not always 
a low-cost option. Seed for new stress- 
tolerant varieties can be expensive, and 
new varieties often require investments in 
new planting equipment or require adjust- 
ments in a wide range of farming practices. 
In some cases, it is difficult to breed for 
genetic tolerance to elevated temperature 
or to identify an alternative variety that is 
adapted to the new climate and to local soils, prac- 
tices, and market demands. 

Fruits that require long winter chilling periods will 
experience declines. Many varieties of fruits (such 
as popular varieties of apples and berries) require 
between 400 and 1,800 cumulative hours below 
45*F each winter to produce abundant yields the 
following summer and fall. By late this century, 
under higher emissions scenarios,’' winter tempera- 
tures in many important fruit-producing regions 
such as the Northeast will be too consistently warm 
to meet these requirements. Cranberries have a pa^ 
ticularly high chilling requirement, and there are no 
known low-chill varieties. Massachusetts and New 
Jersey supply nearly half the nation’s cranberry 
crop. By the middle of this century, under higher 
emissions scenarios,” it is unlikely that these areas 
will support cranberry production due to a lack of 
the winter chilling they need.*” *’'* Such impacts 
will vary by region. For example, though there will 
still be risks of early-season frosts and damaging 
winter thaws, warming is expected to improve the 
climate for fruit production in the Great Lakes 
region."'^ 

A seemingly paradoxical impact of wanning is that 
it appears to be increasing the risk of plant frost 
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damage. Mild winters and warm, early springs, 
which are beginning to occur more frequently 
as climate warms, induce premature plant devel- 
opment and blooming, resulting in exposure of 
vulnerable young plants and plant tivssues to sub- 
sequent late-season frosts. For example, the 2007 
spring freeze in the eastern United States caused 
widespread devastation of crops and natural vegeta- 
tion because the frost occurred during the flower- 
ing period of many trees and during early grain 
development on wheat plants.^” Another example is 
occurring in the Rocky Mountains where in addi- 
tion to the process described above, reduced snow 
cover leaves young plants unprotected from spring 
frosts, with some plant species already beginning 
to suffer as a result’^'* (see Ecosystems sector). 


Extreme events such as heavy 
downpours and droughts are likely to 
reduce crop yields because excesses or 
deficits of water have negative impacts 
on plant growth. 

One of the most pronounced effects of ciimate 
change is the increase in heavy downpours. Pre- 
cipitation has become less frequent but more 
intense, and this pattern is projected to continue 
across the United States."^ One consequence of 
excessive rainfall is delayed spring planting, which 
Jeopardizes profits for farmers paid a premium for 
early season production of high-value crops such 
a.s melon, sweet corn, and tomatoes. Field flood- 
ing during the growing season causes crop losses 
due to low oxygen levels in the soil, increased 
susceptibility to root diseases, and increased soil 
compaction due to the use of heavy farm equipment 
on wet soils. In spring 2008, heavy rains caused the 
Mississippi River to rise to about 7 feel above flood 


stage, inundating hundreds of thousands of acres of 
cropland. The flood hit just as farmers were prepar- 
ing to harvest wheat and plant corn, soybeans, and 
cotton. Preliminary estimates of agricultural losses 
are around $8 billion.’” Some farmers were put out 
of business and others will be recovering for years 
to come. The flooding caused severe erosion in 
some areas and also caused an increase in runoff 
and leaching of agricultural chemicals into surface 
water and groundwater.’” 


Another impact of heavy downpours is that wet 
conditions at harvest time result In reduced quality 
of many crops. Storms with heavy rainfall often are 
accompanied by wind gusts, and both strong winds 
and rain can flatten crops, causing significant dam- 
age. Vegetable and fruit crops are sensitive to even 
short-term, minor stresses, and as such are par- 
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ticularly vulnerable to weather extremes.’” More 
rainfall concentrated into heavy downpours also in- 
creases the likelihood of water deficiencies at other 
times because of reductions in rainfall frequency. 

Drought frequency and severity are projected to in- 
crease in the future over much of the United States, 
particularly under higher emissions scenarios.^-^' 
Increased drought will be occurring at a time when 
crop water requirements also are increasing due to 
rising temperatures. Water deficits are detrimental 
for ail crops.-” 

Temperature extremes will also pose problems. 
Even crop species that are well-adapted to warmth, 
such as tomatoes, can have reduced yield and/ 
or quality when daytime maximum temperatures 
exceed 90°F for even short periods during critical 
reproductive stages (see maps page 34)."^ For many 
high-value crops, just hours or days of moderate 
heat stress at critical growth stages can reduce 
grower profits by negatively affecting visual or fla- 
vor quality, even when total yield is not reduced.*-** 

Weeds, diseases, and insect pests 
benefit from warming, and weeds also 
benefit from a higher carbon dioxide 
concentration, increasing stress 


ricultura! areas.-'*® Kudzu currently has invaded 2.5 
million acres of the Southeast and is a carrier 
of the fungal disease soybean rust, which repre- 
sents a major and expanding threat to U.S. 
soybean production.^^ 

Controlling weeds currently costs the United States 
more than $1 1 billion a year, with the majority 
spent on herbicides:^^* so both herbicide use and 
costs are likely to increase as temperatures and 
carbon dioxide levels rise. At the same time, the 
most widely used herbicide in the United States, 
glyphosate (RoundUp*), loses its efficacy on weeds 
grown at carbon dioxide levels that are projected 
to occur in the coming decades (see photos below). 
Higher concentrations of the chemical and more 
frequent spraying thus will be needed, increasing 
economic and environmental costs associated with 
chemical use.^^ 

Many insect pests and crop diseases thrive due to 
warming, increasing losses and necessitating great- 
er pesticide use. Warming aids insects and diseases 
in several ways. Rising temperatures allow both 
insects and pathogens to expand their ranges north- 
ward. In addition, rapidly rising winter tempera- 
tures allow more insects to survive over the winter, 
whereas cold winters once controlled their popula- 
tions. Some of these insects, in addition to directly 


on crop plants and requiring 
more attention to pest and 
weed control. 

Weeds benefit more than cash crops from 
higher temperatures and carbon dioxide 
levels.'” One concern with continued 
warming is the northward expansion of in- 
vasive weeds. Southern farmers currently 
lose more of their crops to weeds than do 
northern farmers. For example, .southern 
farmers lose 64 percent of the soybean 
crop to weeds, while northern farmers lose 
22 percent.”® Some extremely aggressive 
weeds plaguing the South (such as kudzu) 
have historically been confined to areas 
where winter temperatures do not drop 
below specific thresholds. As temperatures 
continue to ri.se, these weeds will expand 
their ranges northward into important ag- 
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damaging crops, also carry diseases 
that harm crops. Crop diseases in 
general are likely to increase as 
earlier springs and warmer winters 
allow proliferation and higher sur- 
vival rates of disease pathogens and 
parasites.’’-'*-*^'* The longer growing 
season will allow some insects to 
produce more generations in a single 
season, greatly increasing their 
populations. Finally, plants grown 
in higher carbon dioxide conditions 
lend to be less nutritious, so insects 
must eat more to meet their protein 
requirements, causing greater de- 
struction to crops."'*^ 

Due to the increased presence of 
pests, spraying is already much 
more common in warmer areas than 
in cooler areas. For example. Florida 
sweet corn growers spray their fields 
15 to 32 times a year to fight pests such as corn 
borer and corn earworm, while New York farmers 
average zero to five times.'"^ In addition, higher 
temperatures are known to reduce the effectiveness 
of certain classes of pesticides (pyrethroids 
and spinosad). 

A particularly unplea.sant example of how carbon 
dioxide tends to favor undesirable plants is found in 
the response of poison ivy to rising carbon dioxide 
concentrations. Poison ivy thrives in air with extra 
carbon dioxide in it, growing bigger and producing 
a more toxic form of the oil, urushiol, which causes 
painful skin reactions in 80 percent of people. 
Contact with poison ivy is one of the most widely 
reported ailments at poison centers in the United 
States, causing more than 350,000 cases of contact 
dermatitis each year. The growth stimulation of 
poison ivy due to increasing carbon dioxide con- 
centration exceeds that of most other woody spe- 
cies. Given continued increases in carbon dioxide 


mum "carbon dioxide fertilization" benefit often 
requires more efficient use of water and fertilizers 
that better synchronize plant demand with supply. 
Farmers are likely to respond to more aggressive 
and invasive weeds, insects, and pathogens with 
increased use of herbicides, insecticides, and fun- 
gicides. Where increases in water and chemical in- 
puts become necessary, this will increase costs for 
the farmer, as well as having society-wide impacts 
by depleting water supply, increasing reactive ni- 
trogen and pesticide loads to the environment, and 
increasing risks to food safety and human exposure 
to pesticides. 

Forage quality in pastures and 
rangelands generally declines with 
increasing carbon dioxide concentration 
because of the effects on plant nitrogen 
and protein content, reducing the land’s 
ability to supply adequate livestock feed. 


emissions, poison ivy is expected to become more 
abundant and more toxic in the future, with impli- 
cations for forests and human health.'” 

Higher temperatures, longer growing seasons, and 
increased drought will lead to increased agricul- 
tural water use in some areas. Obtaining the maxi- 


Beef cattle production takes place in every state 
in the United States, with the greatest number 
raised in regions that have an abundance of native 
or planted pastures for grazing. Generally, eastern 
pasturelands are planted and managed, whereas 
western rangelands are native pastures, which are 
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not seeded and receive much less rainfall. There are 
transformations now underway in many semi-arid 
rangelands as a result of increasing atmospheric 
carbon dioxide concentration and the associated 
climate change. These transformations include 
which species of grasses dominate, as well as the 
forage quality of the dominant grasses. Increases in 
carbon dioxide are generally reducing the quality 
of the forage, so that more acreage is needed to 
provide animals with the same nutritional value, 
resulting in an overall decline in livestock pro- 
ductivity. In addition, woody shrubs and invasive 
cheatgrass are encroaching into grasslands, further 
reducing their forage value.''*^ The combination 
of these factors leads to an overall decline in live- 
stock productivity. 

While rising atmospheric carbon dioxide concen- 
tration increases forage quantity, it has negative 
impacts on forage quality because plant nitrogen 
and protein concentrations often decline with high- 
er concentrations of carbon dioxide.’’’^ This reduc- 
tion in protein reduces forage quality and counters 


the positive effects of carbon dioxide enrichment on 
carbohydrates. Rising carbon dioxide concentration 
also has the potential to reduce the digestibility of 
forages that are already of poor quality. Reductions 
in forage quality could have pronounced detrimen- 
tal effects on animal growth, reproduction, and 
survival, and could render livestock production 
unsustainable unless animal diets are supplemented 
with protein, adding more costs to production. On 
shortgrass prairie, for example, a carbon dioxide 
enrichment experiment reduced the protein con- 
centration of autumn forage below critical main- 
tenance levels for livestock in 3 out of 4 years and 
reduced the digestibility of forage by 14 percent in 
mid-summer and by 10 percent in autumn. Signifi- 
cantly, the grass type that thrived the most under 
excess carbon dioxide conditions also had the low- 
est protein concentration.'^’ 

At the scale of a region, the composition of forage 
plant species ts determined mostly by climate and 
soils. The primary factor controlling the distribu- 
tion and abundance of plants is water: both the 
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amount of water plants use and water availabiiity 
over time and space. The ability to anticipate veg- 
etation changes at local scales and over shorter pe- 
riods is limited because at these scales the response 
of vegetation to global-scale changes depends on 
a variety of local processes including the rate of 
disturbances such as fire and grazing, and the rate 
at which plant species can move across sometimes- 
fragmented landscapes. Nevertheless, some general 
patterns of vegetation change are beginning to 
emerge. For example, experiments indicate that a 
higher carbon dioxide concentration favors weeds 
and invasive plants over native species because 
invasives have traits (such as rapid growth rate and 
prolific seed production) titat allow a larger growth 
response to carbon dioxide. In addition, the effect 
of a higher carbon dioxide concentration on plant 
species composition appears to be greatest where 
the land has been disturbed (such as by fire or graz- 
ing) and nutrient and light availability are high.’’^ 

Increases in temperature lengthen the growing sea- 
son, and thus are likely to extend forage production 
into the late fall and early spring. However, overall 
productivity remains dependent on precipitation 
during the growing season.’” 

Increased heat, disease, and weather 
extremes are likely to reduce 
livestock productivity. 

Like human beings, cows, pigs, and poultry are 
warm-blooded animals that are sensitive to heat. In 
terms of production efficiency, studies show that 
the negative effects of hotter summers will out- 
weigh the positive effects of warmer winters. The 
more the U.S. climate warms, the more production 
will fall. For example, an analysis projected that a 
warming in the range of 9 to I PF (as in the higher 
emissions scenarios''’) would cause a 10 percent 
decline in livestock yields in cow/calf and dairy 
operations in Appalachia, the Southea.st (including 
the Mississippi Delta), and southern Plains regions, 
while a warming of 2.7°F would cause less than a I 
percent decline. 

Temperature and humidity interact to cause stress 
in animals, just as in humans; the higher the heat 
and humidity, the greater the stress and discomfort. 


and the larger the reduction in the animals' ability 
to produce milk, gain weight, and reproduce. Milk 
production declines in dairy operations, the number 
of days it takes for cows to reach their target weight 
grows longer in meat operations, conception rate in 
cattle falls, and swine growth rates decline due to 
heat. As a result, swine, beef, and milk production 
are ail projected to decline in a warmer world.'” 

The projected increases in air temperatures will 
negatively affect confined animal operations (dairy, 
beef, and swine) located in the central United 
States, increasing production costs as a result of 
reductions in performance associated with lower 
feed intake and increased requirements for energy 
to maintain healthy livestock. These costs do not 
account for the increased death of livestock as- 
sociated with extreme weather events such as heat 
waves. Nighttime recovery is an essential element 
of survival when livestock are stressed by extreme 
heat. A feature of recent heat waves is the lack of 
nighttime relief. Large numbers of deaths have oc- 
curred in recent heat waves, with individual states 
reporting losses of 5,000 head of cattle in a single 
heat wave in one summer.’” 

Warming also affects parasites and disease patho- 
gens. The earlier arrival of spring and warmer 
winters allow greater proliferation and survival 
of parasites and disease pathogens.'” In addition, 
changes in rainfall distributions are likely to lead 
to changes in diseases sensitive to moisture. Heat 
stress reduces animals’ ability to cope with other 
stresses, such as diseases and parasites. Further- 
more. changes in rainfall distributions could lead to 
changes in diseases sensitive to relative humidity. 

Maintaining livestock production would require 
modifying facilities to reduce heat stress on ani- 
mals, using the best understanding of the chronic 
and acute stresses that livestock will encounter to 
determine the optimal modification strategy.'” 

Changing livestock species as an adaptation .strat- 
egy is a much more extreme, high-risk, and, in 
most cases, high-cost option than changing crop 
varieties. Accurate predictions of climate trends 
and development of the infrastructure and market 
for the new livestock products are essential to mak- 
ing this an effective re.sponse. 
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The natural functioning of the environment pro- 
vides both goods - such as food and other products 
that are bought and sold - and services, which our 
society depends upon. For example, ecosystems 
store targe amounts of carbon in plants and soils; 
they regulate water flow and water quality; and 
they stabilize local climates. These services are 
not assigned a financial value, but society nonethe- 
less depends on them. Ecosystem processes are the 
underpinning ofthese services: photosynthesis, 
the process by which plants capture carbon dioxide 
from the atmosphere and create new growth; the 
plant and soil processes that recycle nutrients from 
decomposing matter and maintain soil fertility; and 
the proce.sses by which plants draw water from soils 
and return water to the atmosphere, These ecosys- 
tem processes are affected by climate and by the 
concentration of carbon dioxide in the atmosphere.’® 

The diversity of living things (biodiversity) in 
ecosystems is itself an imporiam resource that 
maintains the ability ofthese systems to provide the 
services upon which society depends. Many factors 
affect biodiversity including: climatic conditions; 
the influences of competitors, predators, parasites, 
and disea.se.s; disturbances such as fire; and other 
physical factors, Human-induced climate change. 


in conjunction with other stresses, is exerting major 
Influences on natural environments and biodiver- 
sity, and these influences are generally expected to 
grow with increased warming.™ 


Ecosystem processes, such as those that 
control growth and decomposition, have 
been affected by climate change. 

Climate has a strong Influence on the processes 
that control growth and development in ecosystems. 
Temperature increases generally speed up plant 
growth, rates of decomposition, and how rapidly the 
cycling of nutrients occure, though other factors, 
such as whether sufficient water is available, also 
influence these rates. The growing season is length- 
ening as higher temperatures occur earlier in the 
spring. Forest growth has risen over the past several 
decades as a consequence of a number of factors - 
young forests reaching maturity, an increased con- 
centration of carbon dioxide in the atmosphere, a 
longer growing season, and increased deposition of 
nitrogen from the atmosphere. Based on the current 
understanding ofthese processes, the individual 
effects are difficult to disentangle.-^’ 
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A higher atmospheric carbon dioxide concentration causes trees and other 
plants to capture more carbon from the atmosphere, but experiments show 
that trees put much of this extra carbon into producing fine roots and twigs, 
rather than new wood. The effect of carbon dioxide in increasing grow th 
thus seems to be relatively modest, and generally is seen most strongly in 
young forests on fertile soils where there is also sufficient water to sustain 
this growth. In the future, as atmospheric carbon dioxide continues to rise, 
and as climate continues to change, forest growth in some regions is pro- 
jected to increase, especially in relatively young forests on fertile soils. 

Forest productivity is thus projected to increase in much of the East, while 
it is projected to decrease in much of the West wdiere water is scarce and 
projected to become more so. Wherever droughts increase, forest produc- 
tivity will decrease and tree death will increase. In addition to occurring in 
much of ihe West, these conditions are projected to occur in parts of Alaska 
and in the eastern part of the Southeast.-^^ 


Large-scale shifts have occurred in the ranges of species 
and the timing of the seasons and animal migration, and 
are very likely to continue. 

Climate change is already having impacts on animal and plant species 
throughout the United States. Some of the most obvious changes are related 
to the timing of the seasons: when plants bud in spring, when birds and 
other animals migrate, and so on. In the United States, spring now arrives 
an average of lO days to two weeks earlier than it did 20 years ago. The 
growing season is lengthening over much of the continental United States, 
Many migratory bird species are arriving earlier. For example, a study of 
northeastern birds that migrate long distances found that birds wintering in 
the southern United States now arrive back in the Northeast an average of 
I3 days earlier than they did during the first half of the last century. Birds 
wintering in South America arrive back in the Northeast an average of four 
days earlier™ 

Another major change is in the geographic distribution of species. The 
ranges of many species in the United States have shifted northward and 
upward in elevation. For example, the ranges of many butterfly species 
have expanded northward, contracted at the southern edge, and shifted to 
higher elevations as warming has continued. A study of Edith’s checker- 
spot butterfly showed that 40 percent of the populations below 2,400 feet 
have gone extinct, despite the avaiiability of otherwise suitable habitat and 
food supply. The checkerspot’s most southern populations also have gone 
e.xlinct, while new populations have been established north of the previous 
northern boundary for the species.™ 


For butterflies, birds, and other species, one of the concerns with such changes in geographic range and tim- 
ing of migration is the potential for mismatches between species and the resources they need to survive. The 
rapidly changing landscape, such as new highways and expanding urban areas, can create barriers that limit 
habitat and increase species loss. Failure of synchronicity between butterflies and the resources they depend 
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upon has ied to local population extinctions of the 
checkerspot butterfly during extreme drought and 
low-snowpack years in California ” 

Tree species shifts 

Forest tree species also are expected to shift their 
ranges northward and upslope in response to cli- 
mate change, although specific quantitative predic- 
tions are very difficult to make because of the com- 
plexity of human land use and many other factors. 
This would result in major changes in the character 
of U.S. forests and the types of forests that will be 
most prevalent in different regions. In the United 
States, some common forests types are projected to 
expand, such as oak-hickory; others are projected 
to contract, such as maple-beech-birch. Still others, 
such as spruce-fir, are likely to disappear from the 
United States altogether. 

In Alaska, vegetation changes are already under- 
way due to warming. Tree line is shifting north- 
ward into tundra, encroaching on the habitat for 
many migratory birds and land animals such as car- 
ibou that depend on the open tundra landscape. 

Marine species shifts and effects on fisheries 
The distribution of marine fish and plankton are 
predominantly determined by climate, so it is not 
surprising that marine species in U.S. waters are 
moving northward and that the timing of plankton 
blooms is shifting. Extensive shifts in the ranges 
and distributions of both warm water 
and coldwater species offish have been 
documented.™ For example, in the waters 
around Alaska, climate change already is 
causing significant alterations in marine 
ecosystems with important implications 
for fisheries and the people who depend 
on them (see Alaska region). 

In the Pacific, climate change is expected 
to cause an eastward .shift in the location 
of tuna stocks.-'** It is clear that such shifts 
are related to climate, including natural 
mode.s of climate variability such as the 
cycles of El Nino and La Nina. However, 
it is unclear how these modes of ocean 
variability will change as global climate 
continues to change, and therefore it is 
very difficult to predict quantitatively how 


marine fish and plankton species' distributions 
might shift as a function of climate change.™ 

Breaking up of exisfing ecosystems 
As warming drives changes in timing and geo- 
graphic ranges for various species, it Is important 
to note thM entire communities of species do 
not shift intact. R^her, the range and timing of 
each species shifts in response to its sensitivity 
to climate change, its mobility, its lifespan, and 
the availability of the resources it needs (such as 
soil, moisture, food, and shelter). The speed with 
wdiich species can shift their ranges is influenced 
Ity factors including their size, lifespan, and seed 
dispersal techniques in plants. In addition, migra- 
tory pathways must be available, such as northward 
flowing rivers which serve as conduits for fish. 
Some migratory pathways may be blocked by de- 
velopment and habitat fragmentation. All of these 
variations result in the breakup of existing 
ecosystems and formation of new ones, with un- 
known consequences.*^® 

Extinctions and climate change 
Interactions among impacts of climate change 
and other stressors can increase the risk of species 
extinction. Extinction rates of plants and animals 
have already risen considerably, with the vast 
majority of these extinctions attributed to loss of 
habitat or over-e.xploitation.^’ Climate change ha.s 
been identified as a serious risk factor for the fu- 
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ture, however, since it is one of the environmental 
stresses on species and ecosystems that is continu- 
ing to increase.-**’ The Intergovernmental Panel on 
Climate Change has estimated that if a warming of 
3.5 to 5.5°F occurs, 20 to 30 percent of species that 
have been studied would be in climate zones that 
are far outside of their current ranges, and would 
therefore likely be at risk of extinction.-^* One rea- 
son this percentage is so high is that climate change 
would be superimposed on other stresses including 
habitat loss and continued overharvesting of some 
species, resulting in considerable stress on popula- 
tions and species. 

Fires, insect pests, disease pathogens, 
and invasive weed species have 
increased, and these trends are likely 
to continue. 

Forest fires 

In the western United States, both the frequency 
of large wildfires and the length of the fire season 
have increased substantially in recent decades, due 
primarily to earlier spring snowmelt and higher 
spring and summer temperatures.^ These changes 
in climate have reduced the availability of moisture, 
drying out the vegetation that provides the fuel for 
fires. Alaska also has experienced large increases 
In fire, with the area burned more than doubling 
in recent decades. As in the vvestern United States, 
higher air temperature is a key factor. In Alaska, 
for example, June air temperatures alone explained 
approximately 38 percent of the increase in the area 
burned annually from 1950 to 2003.-**’ 


Size of U.S, Wildfires, 1983 to 2008 



Data on wiidland fires in the 
acres burned per fire has increased 


Insect pests 

Insect pests are economically important stresses 
on forest ecosystems in the United States. Coupled 
with pathogens, they cost $1.5 billion in damage 
per year. Forest insect pests are sensitive to climatic 
variations in many stages of their lives. Changes 
in climate have contributed significantly to several 
major insect pest outbreaks in the United States 
and Canada over the past several decades. The 
mountain pine beetle has infested lodgepole pine in 
British Columbia. Over 33 million acres of forest 
have been affected, by far the largest such outbreak 
in recorded history. Another 1.5 million acres have 
been infested by pine beetle in Colorado. Spruce 
beetle has affected more than 2.5 million acres in 
Alaska (see Alaska region) and western Canada. 

The combination of drought and high temperatures 
also has led to serious insect infestations and death 
of pifion pine in the Southwest, and to various 
insect pest attacks throughout the forests of the 
eastern United States.-'*' 

Rising temperatures increase insect outbreaks in a 
number of ways. First, w inter temperatures above 
a certain threshold allow more insects to survive 
the cold season that normally limits their num- 
bers. Second, the longer warm season allows them 
to develop faster, sometimes completing two life 
cycles instead of one in a single growing season, 
Third, warmer conditions help expand their ranges 
northward. And fourth, drought stress reduces 
trees' ability to resist insect attack (for example, by 
pushing back against boring insects with the pres- 
sure of their sap). Spruce beetle, pine beetle, spruce 
budworm. and woolly adelgid (which attacks east- 
ern hemlocks) are just some of the insects that are 
proliferating in the United States, devastating many 
forests. These outbreaks are projected to Increase 
with ongoing warming. Trees killed by insects also 
provide more dry fuel for wildfires.’®'-'*'’”® 

Dfseose pathogens and their carriers 
One consequence of a longer, warmer grow ing sea- 
son and less extreme cold in winter is that opportu- 
nities are created for many insect pests and disease 
pathogens to flourish. Accumulating evidence 
links the spread of disease pathogens to a warming 
climate. For example, a recent study showed that 
widespread amphibian extinctions in the mountains 
of Costa Rica are linked to changes in climatic 


82 



529 


Ecosystems 


conditions which are thought to have enabled the 
proliferation of an amphibian disease.™’^' 

Diseases that affect wildlife and the living things 
that carry these diseases have been expanding their 
geographic ranges as climate heats up. Depending 
on their specific adaptations to current climate, 
many parasites, and the insects, spiders, and 
scorpions that carry and transmit diseases, die 
or fail to develop below threshold temperatures. 
Therefore, as temperatures rise, more of these 
disease-carrying creatures survive. For some 
species, rates of reproduction, population growth, 
and biting, tend to increase with increasing 
temperatures, up to a limit. Some parasites’ 
development rates and infectivily periods also 
increase with temperature.™ An analysis of diseases 
among marine species found that diseases were 
increasing for mammals, corals, turtles, and 
mollusks, while no trends were detected for sharks, 
rays, crabs, and shrimp.™ 

Invasive plants 

Problems involving invasive plant species arise 
from a mix of human-induced changes, including 
disturbance of the land surface (such as through 
over grazing or clearing natural vegetation for 
development), deliberate or accidental transport of 
non-native species, the increase in available nitro- 
gen through over-fertilization of crops, and the ris- 
ing carbon dioxide concentration and the resulting 
climate cliange.^^^ Human-induced climate change 


Deserts and drylands are likely to 
become hotter and drier, feeding a self- 
reinforcing cycle of invasive plarrts, fire, 

and erosion. 

The arid Southwest Is projected to become even 
drier in this century. There is emerging evidence 
that this is already underway. '■* Deserts in the 
United States are also projected to expand to the 
north, east, and upward in elevation in response to 
projected warming and associated changes 
in climate. 

Increased drying in the region contributes to a 
variety of changes that e.xacerbate a cycle of de- 
sertification. Increased drought conditions cause 
perennial plants to die due to water stress and 
increased susceptibility to plant diseases. At the 
same time, non-native grasses have invaded the re- 
gion. As these grasses increase in abundance, they 
provide more fuel for fires, causing fire frequency 
to increase in a self-reinforcing cycle that leads to 
further losses of vegetation. When it does rain, the 
rain tends to come in heavy downpours, and since 
there is less vegetation to protect the soil, water 
erosion increases. Higher air temperatures and de- 
creased soil moisture reduce soil stability, further 
exacerbating erosion. And with a growing popula- 
tion needing water for urban uses, hydroelectric 
generation, and agriculture, there is increasing 
pressure on mountain water sources that would oth- 
erwise flow to desert river areas.™ '*® 



is not generally the initiating factor, nor the 
most important one, but it is becoming a more 
important part of the mix. 

The increasing carbon dioxide concentration 
stimulates the growth of most plant species, 
and some invasive plants respond with greater 
growth rates than native plants. Beyond this, 
invasive plants appear to better tolerate a wider 
range of environmental conditions and may be 
more successful in a warming world because 
they can migrate and establish themselves in 
new sites more rapidly than native plants.™ 

They are also not usually dependent on external 
pollinators or seed dispersers to reproduce. For 
all of these reasons, invasive plant species pres- 
ent a growing problem that is extremely diffi- 
cult to control once unleashed.™ 
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The response of arid lands to climate change also 
depends on how other factors interact with climate 
at local scales. Large-scale, unregulated livestock 
grazing in the Southwest during the late 1800s and 
early 1 900s is widely regarded as having contrib- 
uted to widespread desertification. Grazing peaked 
around 1920 on public lands in the West. By the 
1970s, grazing had been reduced by about 70 
percent, but the arid lands have been very slow to 
recover from its impacts. Warmer and drier climate 
conditions are expected to slow recovery even 
more, in addition, the land resource In the South- 
west is currently managed more for providing water 
for people than for protecting the productivity of the 
landscape. As a result, the land resource is likely to 
be further degraded and its recovery hampered.’"” 

Coastal and near-shore ecosystems are 
already under multiple stresses. Climate 
change and ocean acidification will 
exacerbate these stresses. 

Coastal and near-shore marine ecosystems are vul- 
nerable to a host of climate change-related effects 
including increasing air and water temperatures, 
ocean acidification, changes in runoff from the 
land, sea-level rise, and altered currents. Some of 
these changes have already led to coral bleaching, 
shifts in species ranges, increased storm intensity in 
some regions, dramatic reductions in sea ice extent 
and thickness along the Alaskan coast,'” and other 
significant changes to the nation's coastlines and 
marine ecosystems.™ 

The interface between land and sea is important, 
as many species, including many endangered spe- 
cies, depend on it at some point in their life cycle. 

In addition, coastal areas buffer inland areas from 
the effects of wave action and storms.-"*^ Coastal 
wetlands, intertidal areas, and other near-shore 
ecosystems are subject to a variety of environmen- 
tal stresses.**"* -^* Sea-level rise, increased coastal 
storm intensity, and rising temperatures contrib- 
ute to increased vulnerability of coastal wetland 
ecosystems. It has been estimated that 3 feet of 
sea-level rise (within the range of projections for 
this century) would inundate about 65 percent of the 
coastal marshlands and swamps in the contiguous 
United States.’^'-’ The combination of sea-level rise. 


local land sinking, and related factors already have 
resulted in substantially higher relative sea-level 
rise along the Gulf of Mexico and the mid-Atlantic 
coast, more so than on the Pacific Coast.”--^^ In 
Louisiana alone, over one-third of the coastal plain 
that existed a century ago has since been lost,--"' 
which is mostly due to local land sinking.™ Barrier 
islands are also losing land at an increasing rate-” 
{see Southeast region), and they are particularly im- 
portant in protecting the coastline in some regions 
vulnerable to sea-level rise and storm surge. 

Coral reefs 

Coral reefs are very diverse ecosystems that sup- 
port many other species by providing food and 
habitat. In addition to their ecological value, coral 
reefs provide billions of dollars in services includ- 
ing tourism, fish breeding habitat, and protection of 
coastlines. Corals face a host of challenges associ- 
ated with human activities such as poorly regulated 
tourism, destructive fishing, and pollution, in addi- 
tion to climate change-related stresses.™ 

Corals are marine animals that host symbiotic algae 
which help nourish the animals and give the corals 
their color. When corals are stressed by increases 
in water temperatures or ultraviolet light, they lose 
their algae and turn white, a process called coral 
bleaching. If the stress persists, the corals die. 
Intensities and frequencies of bleaching events, 
clearly driven by warming in surface water, have 
increased substantially over the past 30 years, lead- 
ing to the death or severe damage of about one- 
third of the world’s corals.™ 

The United States has extensive coral reef eco- 
systems in the Caribbean. Atlantic, and Pacific 
oceans. In 2005, the Caribbean basin experienced 
unprecedented water temperatures that resulted 
in dramatic coral bleaching with some sites in the 
U.S. Virgin Islands seeing 90 percent of the coral 
bleached. Some corals began to recover when water 
temperatures decreased, but later that year disease 
appeared, striking the previously bleached and 
weakened coral. To date. 50 percent of the corals 
in Virgin Islands National Park have died from the 
bleaching and disease events, in the Florida Keys, 
summer bleaching in 2005 was also followed by 
disease in September.™ 
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But rising temperature is not the only stress coral 
reefs face. As the carbon dioxide concentration in 
the air increases, more carbon dioxide is absorbed 
into the world's oceans, leading to their acidifica- 
tion. This makes less calcium carbonate available 
for corals and other sea life to build their skeletons 
and shells.-^^ !f carbon dioxide concentrations 
continue to rise and the resulting acidification pro- 
ceeds, eventually, corals and other ocean life that 
rely on calcium carbonate will not be able to build 
these skeletons and shells at a!!. The implications of 
such extreme changes in ocean ecosystems are not 
clear, but there is now evidence that in some ocean 
areas, such as along the Northwest coast, acidifica- 
tion is already occurring™ *” (see Coasts region for 
more discussion of ocean acidification). 

Arctic sea ice ecosystems are already 
being adversely affected by the loss of 
summer sea ice and further changes 
are expected. 

Perhaps most vulnerable of all to the impacts of 
warming are Arctic ecosystems that rely on sea ice, 
which is vanishing rapidly and is projected to dis- 
appear entirely in summertime within this century. 
Algae that bloom on the underside of the sea ice 
form the base of a food web linking micro.scopic 
animals and tish to seals, whales, polar bears, and 
people. As the sea ice disappears, so too do these 
algae. The ice also provides a vital platform for 
ice-dependent seals (such as the ringed seal) to give 
birth, nurse their pups, and rest. Polar bears use the 
ice as a platform from which to hunt their prey. The 
walrus rests on the ice near the continental shelf 
between its dives to eat clams and other shellfish. 

As the Ice edge retreats away from the shelves to 
deeper areas, there will be no clams nearby.™’' 

The Bering Sea, off the west coast of Alaska, 
produces our nation’s largest commercial fish 
harvests as well as providing food for many Native 
Alaskan peoples. Ultimately, the fish populations 
(and animals including seabirds, seals, walruses, 
and whales) depend on plankton blooms regulated 
by the extent and location of the ice edge in spring. 
As the sea ice continues to decline, the location, 
timing, and species composition of the blooms is 
changing. The spring melt of sea ice in the 


Bering Sea has long provided material that feeds 
the clams, shrimp, and other life forms on the 
ocean floor that, in turn, provide food for the 
waJruses, gray whales, bearded seals, eider ducks, 
and many fish. The earlier ice melt resulting from 
warming, however, leads to later phytoplankton 
blooms that are largely consumed by microscopic 
animals near the sea surface, vastly decreasing the 
amount of food reaching the living things on the 
ocean floor. This will radically change the species 
composition of the fish and other creatures, with 
significant repercussions for both subsistence and 
commercial fishing.™ 

Ringed seals give birth in snow caves on the sea 
ice, which protect their pups from extreme cold 
and predators. Warming leads to earlier snow melt, 
which causes the snow caves to collapse before the 
pups are weaned. The small, exposed pups may die 
of hypothermia or be vulnerable to predation by 
arctic foxes, polar bears, gulls, and ravens. Gulls 
and ravens are arriving in the Arctic earlier as 
springs become warmer, increasing the birds' 
opportunity to prey on the seal pups.™ 

Polar bears are the top predators of the sea ice 
ecosystem. Because they prey primarily on ice- 
associated seals, they are especially vulnerable to 
the disappearance of sea ice. The bears' ability to 
catch seals depends on the presence of sea ice. In 
that habitat, polar bears take advantage of the fact 
that seals must surface to breathe in limited open- 
ings in the ice cover. In the open ocean, bears lack 
a hunting platform, seals are not restricted in where 
they can surface, and successful hunting is very 
rare. On shore, polar bears feed little, if at all. 



About two-thirds of the world’s polar bears are projected to be 
gone by the middle of this century. It is projected that there will 
be no wild polar bears in Alaska in 7S years.™ 
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In addition, the rapid rate of warming in 
Alaska and the rest of the Arctic in recent 
decades is sharply reducing the snow cover 
in which polar bears build dens and the sea 
ice they use as foraging habitat. Female polar 
bears build snow dens in which they hiber- 
nate for four to five months each year and 
in which they give birth to their cubs. Born 
weighing only about 1 pound, the tiny cubs 
depend on the snow den for warmth. 

About two-thirds of the world’s polar bears 
are projected to be gone by the middle of this 
century. It is projected that there will be no 
wild polar bears left in Alaska in 75 years.™ 

Continued warming will inevitably entail 
major changes in the sea ice ecosystem, to 
the point that its viability is in jeopardy. 

Some species will become extinct, while oth- 
ers might adapt to new habitats. The chances 
of species surviving the current changes may 
depend critically on the rate of change. The current 
rates of change in the sea ice ecosystem are very 
rapid relative to the life spans of animals including 
seals, walruses, and polar bears, and as such, are a 
major threat to their survival.™ 


f-QF«it %ieefes Shift Upslope 
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vulnerable is that their suitable habitats are be- 
ing compressed as climatic zones shift upward in 
elevation. Some species try to shift uphill with the 
changing climate, but may face constraints related 
to food, other species present, and so on. In addi- 
tion. as species move up the mountains, those near 
the top simply run out of habitat.™ 



The pika, pictured above, is a 
small mammal whose habitat is 
limited to cold areas near the 
tops of mountains. As climate 
warms, little suitable habitat 
is left. Of 25 pika populations 
studied in the Great Basin be- 
tween the Rocky Mountains and 
the Sierra Nevada, more than 
one-third have gone extinct in 
recent decades.^‘''^‘^ 
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The habitats of some 
mountain species and 
coidwater* Hsh, such as 
salmon and trout, are 
very likely to contract in 
response to warming. 

Animal and plant species that 
live in the mountains are among 
those particularly sensitive to 
rapid climate change. They 
include animal species such 
as the grizzly bear, bighorn 
sheep, pika, mountain goat, 
and wolverine. Major changes 
have already been observed in 
the pi ka as previously reported 
populations have disappeared 
entirely as climate has warmed 
over recent decades.™ One 
reason mountain species are so 


Fewer wildfiowers are projected to grace the slopes 
of the Rocky Mountains as global warming causes 
earlier spring snowmelt. Larkspur, aspen fleabane, 
and aspen sunflower grow at an altitude of about 
9.500 feel where the winter snows are deep. Once 
the snow melts, the flowers form buds and prepare 
to bloom. But warmer springs mean that the snow 
melts earlier, leaving the buds exposed to frost. 
(The percentage of buds that were frosted has 
doubled over the past decade.) Frost does not kill 
the plants, but it does make them unable to seed 
and reproduce, meaning there will be no next gen- 
eration. Insects and other animal species depend 
on the flowers for food, and other species depend 
on those species, so the lo.ss is likely to propagate 
through the food chain.-™ 

Shifts in tree species on mountains in New Eng- 
land, where temperatures have risen 2 to 4°F in 
tl>e last 40 years, offer another example. Some 
mountain tree species have shifted uphill by 350 
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feet in the last 40 years. Tree communities were 
relatively unchanged at low and high elevations, but 
in the transition zone in between (at about 2,600 
feel elevation) the changes have been dramatic. 
Coid-loving tree species declined from 43 to 18 
percent, while warmer-loving trees increased from 
57 to 82 percent. Overall, the transition zone has 
shifted about 350 feet uphill in just a few decades, 
a surprisingly rapid rate since these are trees that 
live for hundreds of years. One possibility is that as 
trees were damaged or killed by air pollution, it left 
an opportunity for the warming-induced transition 
to occur more quickly. These results indicate that 
the composition of high elevation fore.sts is chang- 
ing rapidly."'’^ 

Coldwatsr fish 

Salmon and other coldwater fish species in the 
United States are at particular risk from warming. 
Salmon are under threat from a variety of human 
activities, but global warming is a growing source 
of stress. Rising temperatures affect salmon in sev- 
eral important ways. As precipitation increasingly 
falls as rain rather than snow, it feeds floods that 
wash away salmon eggs incubating in the stream- 
bed. Warmer water leads eggs to hatch earlier in 
the year, so the young are smaller and more vulner- 
able to predators. Warmer conditions increase the 
fish’s metabolism, taking energy away from growth 
and forcing the fish to find more food, but earlier 
hatching of eggs could put them out of sync with 
the insects they eat. Earlier melting of snow leaves 
rivers and streams warmer and shallower in sum- 
mer and fall. Diseases and parasites tend to flour- 
ish in warmer water. Studies suggest that up to 40 
percent of Northwest salmon populations may be 
lost by 2050.^'^^ 

Large declines in trout populations are also pro- 
jected to occur around the United States. Over half 
of the wild trout populations are likely to disappear 
from the southern Appalachian Mountains because 
of the effects of rising stream temperatures. Losses 
of western trout populations may exceed 60 percent 
in certain regions. About 90 percent of bull trout, 
which live in western rivers in some of the coun- 
try's most wild places, are projected to be lost due 
to warming. Pennsylvania is predicted to lose 50 
percent of its trout habitat in the coming decades. 
Projected losses of trout habitat for some warmer 


states, such as North Carolina and Virginia, are up 
to 90 percent. 


Some of the benefits ecosystems 
provide to society will be threatened by 
climate change, while others wiii 
be enhanced. 

Human well-being depends on the Earth’s ecosys- 
tems and the services that they provide to sustain 
and fulfill human iife.“* These services are impor- 
tant to human well-being because they contribute 
to basic material needs, physical and psychological 
health, security, and economic activity. A recent 
assessment reported that of 24 vital ecosystem ser- 
vices, 15 were being degraded by human activity.-'*’ 
Climate change is one of several human-induced 
stresses that threaten to intensify and extend these 
adverse impacts to biodiversity, ecosystems, and 
the services they provide. Two of many possible 
examples follow. 

Forests and carbon storage 
Forests provide many services important to the 
well-being of Americans: air and water quality 
maintenance, water flow regulation, and watershed 
protection; wildlife habitat and biodiversity conser- 
vation; recreational opportunities and aesthetic and 
spiritual fulfillment; raw materials for wood and 
paper products; and climate regulation and carbon 
storage. A changing climate will alter forests and 
the services they provide. Most of these changes 
are likely to be detrimental. 

In the United States, forest growth and long-lived 
forest products currently offset about 20 percent of 
U.S. fossil fuel carbon emissions.*'*® ”’ This carbon 
“sink” is an enormous service provided by forests 
and its persistence or growth will be important to 
limiting the atmospheric carbon dioxide concentra- 
tion. The scale of the challenge of Increasing this 
sink is very large. To offset an additional 10 percent 
of U.S. emi.ssions through tree planting would re- 
quire converting one-third of current croplands 
to tbrests.^^ 

Recreotionol opportunities 
Tourism is one of the largest economic sec- 
tors in the world, and it is also one of the fastest 
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growing;-'^'’ the jobs created hy recre^iona! tourism 
provide economic benefits not only to individu- 
als but also to communities. Slightly more than 90 
percent of the U.S. population participates in some 
form of outdoor recreation, representing nearly 
270 million participants, and several billion days 
spent each year in a wide variety of outdoor recre- 
ation activities. 

Since much recreation and tourism occurs outside, 
increased temperature and precipitation have a 
direct effect on the enjoyment of these activities, 
and on the desired number of visitor days and as- 
sociated level of visitor spending as well as tourism 
employment. Weather conditions are an important 
factor influencing tourism visits. In addition, out- 
door recreation and tourism often depends on the 
availability and quality of natural resources,-^ such 
as beaches, forests, wetlands, snow, and wildlife, all 
of which will be affected by climate change. 


Thus, climate change can have direct effects on the 
natural resources that people enjoy. The length of 
the season for. and desirability of. several of the 
most popular activities - walking; visiting a beach, 
lakeshore, or river; sightseeing; swimming; and 
picnicking'^^ - are likely to be enhanced by small 
near-term increases in temperature. Other activities 
are likely to be harmed by even small increases in 
warming, such as snow- and ice-dependent activi- 
ties including skiing, snowmobiling, and 
icc fishing. 

The net economic effect of near-term climate 
change on recreational activities is likely to be posi- 
tive. In the longer term, however, as climate change 
effects on ecosystems and seasonality become more 
pronounced, the net economic effect on tourism 
and recreation is not known with certainty.'''- 




Adaptation Preserving Coastal Wetlands 


O^stal wetlands are rich ecosystems p 
that protect the shore from damage ^ 
during storm surges and provide - M 
society With other services. One \ 
scrateg/ designed to preset ve coastaf 
wetlands as sea level rises is the "rolling 
easement." Rolling easements alow 
Some development near the shoi e, but 
: .'.proWWt construction of seawalls 
oth^ armoring to protect buildinj^'sV-i 
they recogniie nature’s nght-of-way 
to> advance inland as sea level rises. 
Massachusetts and Rhode Island prohlbft 
shoreline armoring along the shoi^s of,*, 
someestuaries so that ecosystems can:- 
mlgrate mlandt and several states - 
armorlng along ocean shores.^’'^^‘|r;i:i;*r. 


PriviiM 








>h would reach th* footpt int of 
could still be occupied if it is c( 
n wtouid pi obably fail due to pn 
ken over the y.ird and the faot| 
Al be occupied but remvesemer 
id be removed jI I hough some > 
*aa would return to nature A h 
pf;cdaee like oilv r coastal rf'al 
ft would only rooiice the currer 


In the case shown here, 
future^ Because the housej 
sewage treatment $ystain:i 
After 80 years, the marsh | 
onto public property. Thej 
unlikely. After tOO years, d 
still be occupied. CventMallj 
would'deprectate m value I 
expectoa to orci.r 100 yea 
percent, for which the owj 




535 


Human Heaith 



Ciimate change poses unique challenges to human health. Unlike health threats caused by a particular toxin 
or disease pathogen, there are many ways that climate change can lead to potentially harmful health effects. 
There are direct health impacts from heat waves and severe storms, ailments caused or exacerbated by air 
pollution and airborne allergens, and many climate-sensitive infectious diseases.'*’ 


Realistically assessing the potential health effects of 
ciimate change must include consideration of the capac- 
ity to manage new and changing climate conditions.'*’ 
Whether or not increased health risks due to climate 
change are realized will depend largely on societal re- 
sponses and underlying vulnerability. The probability of 
exacerbated health risks due to ciimate change points to a 
need to maintain a strong public health infrastructure to 
help limit future impacts.'*’ 

Increased risks associated with diseases originating 
outside the United States must also be considered be- 
cause we live in an increa.sing!y globalized world. Many 
poor nations are expected to suffer even greater health 
consequences from climate change.”^ With global trade 
and travel, disease flare-ups in any part of the world can 
potentially reach the United States. In addition, weather 
and climate extremes such as severe storms and drought 
can undermine public health infrastructure, further stress 
environmental resources, destabilize economies, and 
potentially create security risks both within the United 
States and internationally.”* 



Hazard-Related Deaths in the U S 
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Increases in the risk of illness and death 
related to extreme heat and heat waves 
are very likely. Some reduction In the 
risk of death related to extreme cold 
is expected. 

Temperatures are rising and the probability of 
severe heat waves is increasing. Analyses sug- 
gest that currently rare extreme heat waves will 
become much more common in the future (see 
National Climate Change)!'^ At the same time, the 
U.S. population is aging, and older people are more 
vulnerable to hot weather and heat waves. The per- 
centage of the U.S. population over age 65 Is cur- 
rently 12 percent and is projected to be 21 percent 
by 2050 (over 86 million peopie).'®^'*’^ Diabetics are 
also at greater risk of heat-related death, and the 
prevalence of obesity and diabetes is increasing. 
Heat-related illnesses range from heat exhaustion 
to kidney stones.-^^^’® 

Heat is already the leading cause of weather-related 
deaths in the United States. More than 3,400 deaths 
betw'een 1999 and 2003 were reported as result- 
ing from exposure to excessive heat.^^ An analysis 
of nine U.S. cities shows that deaths due to heat 
increase with rising temperature and humidity.*’® 
From the 1970s to the 1990s, however, heat-related 
deaths declined.”'* This likely resulted from a rapid 
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Projected Increase in ' 
Heat'Related Deaths in Chicago 
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The number of days m which the temperature exceeds 
lOO’F by late this century, compared to the 5960s and 
' 1970s. is projected to increase strongly across tfie 
United States. For example, pares of Texas dial recently 
experienced about 10 to 20 days per year over lOO'F are 
expected to experience more than (00 d^s per year (n 
which the temperature exceeds I00*f by the end of the 
century under the higher emissions scenario.*' 


increase in the use of air conditioning. In 1978, 44 
percent of households were without air condition- 
ing, whereas in 2005, only 16 percent of the U,S. 
population lived without it (and only 3 percent did 
not have it in the South),-®” -®’ With air conditioning 
reaching near saturation, a recent study found that 
the general decline in heat-related deaths seems to 
have leveled off since the mid-1990s.-®- 
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As human-induced warming is projected to raise 
average temperatures by about 6 to 11°F in this 
century under a higher emissions scenario,^' heat 
waves are expected to continue to increase in 
frequency, severity, and duration.*®-*'- For example, 
by the end of this century, the number of heat-wave 
days in Los Angeles is projected to double,’®'^ and 
the number in Chicago to quadruple,'®* if emissions 
are not reduced. 

Projections for Chicago suggest that the average 
number of deaths due to beat waves would more 
than double by 2050 under a lower emissions 
scenario*' and quadruple under a high emissions 
scenario*' (see figure page 90).-®' 

A study of climate change impacts in California 
projects that, by the 2090s, annual heat-related 
deaths in Los Angeles would increase by two to 
three times under a lower emissions scenario and 
by five to seven times under a higher emissions 
scenario, compared to a 1990s baseline of about 
165 deaths. These estimates assume that people 
will have become somewhat more accustomed to 
higher temperatures. Without such acclimatization, 
these estimates are projected to be about 20 to 25 
percent higher.'®^ 

The full effect of global warming on heat-related 
illness and death involve.s a number of factors 
including actual changes in temperature (averages, 
highs, and lows); and human population character- 
istics, such as age, wealth, and fitness, In addition, 
adaptation at the scale of a city includes options 
such as heat wave early warning systems, urban 



Urban Heat Island Effect 


(.c-mrficii Jiiri WiuTtir'i 

Large amounts of concrete and asphalt m ernes absorb and hoid heat 
Tail buildings prevent heat from dtsstpaung and reduce air flow At 
the same ttihe, there is generally httle vegetauon to provide shsde 
and ev^orauve cooling. As a result, parts of cities can be up to 
warmer than the surrounding rural areas, compounding tlie 
temperawreiRcreases that people expenenee as a result of human- 
induced warming.’’^ 


design to reduce heat loads, and enhanced services 
during heat waves.'** 

Reduced extreme cold 
In a warmer world, the number of deaths caused 
by extremely low temperatures would be expected 
to drop, although in general, it is uncertain how 
climate change will affect net mortality.'** Never- 
theless, a recent study that analyzed daily mortality 
and weather data with regard to 6,513,330 deaths 
in 50 U.S. cities between 1989 and 2000 shows a 
marked difference between deaths resulting from 
hot and cold temperatures. The researchers found 
that, on average, cold snaps increased death rates 
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Temperature and Ozone 
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observed assodatton bet«i«^i|^mi4^i . 
}tofsmog)>c<M)c«Hrati{min|xu^^b^HOfv(p{^) . 
u and New York Cky ^ay ^October i9d8 
lOJj^She, pr^ected higher temp«Fawres a^» the United 
in .this cwwury are likely to increase, the occurrence of high 
eoncentrationsi although this vrii) also depend on emisslpnsi^ - 
precursors and meteoroiogtcat factors. Ground-level, ozone >: 
' Can exaceri»te respiratory diseases and catne dtort*t«vn reductions 
inlungfunctioo “ ^ 


by 1.6 percent, while heat waves triggered a 5.7 per- 
cent increase in death rates.-®’ The analysis found 
that the reduction in deaths as a result of relatively 
milder winters attributable to global warming will 
be substantially less than the increase in deaths due 
to summertime heat extremes. 

Many factors contribute to winter deaths, includ- 
ing highly seasonal diseases such as influenza and 
pneumonia. It is unclear how these diseases are 
affected by temperature. 


Warming Is likely to make it more 
chatienging to meet air quality standards 
necessary to protect public health. 

Poor air quality, especially in cities, is a serious 
concern across the United States. Half of all Ameri- 
cans, 158 million people, live in counties where 
air pollution exceeds national health standards.^’'^ 
While the Clean Air Act has improved air qual- 
ity, higher temperatures and associated stagnant 
air masses are expected to make it more challeng- 
ing to meet air quality standards, particularly for 
ground-level ozone (a component of smog).'^ It 



Lower Emissions Scenario®' 


Higher Emissions Scenano” 


parts per billion 


Tb« (naps show pr( 4 iK^|Nl{£i^ ih ground-level ozone (a component of smog) for the 2090 s, averaged over the sunir^ 
mer months (June through August), r^tlve to 1996 - 2000 , under lower and higher emissions scenarios, which include 
b 0 di. 9 «eohouse gases that lead to o^e formation (some of which decrease under the lower emissions 

scenu^V 6 y themselvnst>^^^ n^p^tures and other projected climate changes would increase ozone levels under 
both scenarios However Ae mips ib^ate that future projections of ozone depend heavily on emissions, with the higher 
emiuions ecenano* increasmg ozone .t^lute amounts, while the tower emisSi^s sc^rio^' re^ki inah^G^efaiidecraase 
in ground*ievel ozone by the OQ^taf the centwT'.^*' 


Projected Change in Ground-Level Ozone 2090s 
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has been firmly established that breathing o2one 
results in short-term decreases in lung function and 
damages the cells lining the lungs. It also increases 
the incidence of asthma-related hospital visits and 
premature deaths.-"'* Vulnerability to ozone effects 
is greater for those who spend time outdoors, espe- 
cially with physical exertion, because this results 


in a higher cumulative dose to their lungs. As a 
result, children, outdoor workers, and athletes are 
at higher risk for these ailments.'*’’ 

Ground-level ozone concentrations are affected by 
many factors including weather conditions, emis- 
sions of gases from vehicles and industry that lead 
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to ozone formation (especially nitrogen oxides 
and volatile organic compounds [VOCs]), natu- 
ral emissions of VOCs from plants, and pollution 
blown in from other places.^-^ A warmer climate 
is projected to increase the natural emissions of 
VOCs. accelerate ozone formation, and increase the 
frequency and duration of stagnant air masses that 
allow pollution to accumulate, which will exacer- 
bate health symptoms.^'’* Increased temperatures 
and water vapor due to human-induced carbon di- 
oxide emissions have been found to increase ozone 
more in areas with already elevated concentrations, 
meaning that global warming tends to exacerbate 
ozone pollution most in already polluted areas. Un- 
der constant pollutant emissions, by the middle of 
this century, Red Ozone Alert Days (when the air 
is unhealthy for everyone) in the 50 largest cities in 
the eastern United States are projected to increase 
by 68 percent due to warming alone.^ Such condi- 
tions would challenge the ability of communities 
to meet health-based air quality standards such as 
those in the Clean Air Act. 

Health risks from heat waves and air pollution 
are not necessarily independent. The formation of 
ground-level ozone occurs under hot and stagnant 
conditions - essentially the same weather condi- 
tions accompanying heat waves (see box page 102). 
Such interactions among risk factors are likely to 
increase as climate change continues. 

Extreme weather events cause physical 
and mental health problems. Some of 
these events are projected to increase. 

Injury, illness, emotional trauma, and death are 
known to result from extreme weather events.^ 

The number and intensity of some of these events 
are already increasing and are projected to increase 
further in the fuiure.*^® "^ Human health impacts in 
the United States are generally expected to be less 
severe than in poorer countries where the emergen- 
cy preparedness and public health infrastructure 
is less developed. For example, early warning and 
evacuation systems and effective sanitation lessen 
the health impacts of extreme events.*® 

This assumes that medical and emergency relief 
systems in the United Stales will function well and 


that timely and effective adaptation measures will 
be developed and deployed. There have already 
been serious failures of these systems in the af- 
termath of hurricanes Katrina and Rita, so coping 
with future impacts will require significant 
improvements. 

Extreme storms 

Over 2,000 Americans w'ere killed in the 2005 
hurricane season, more than double the average 
number of lives lost to hurricanes in the United 
States over the previous 65 years.'*-’ But the human 
health impacts of extreme storms go beyond direct 
injury and death to indirect effects such as carbon 
monoxide poisoning from portable electric genera- 
tors in use following hurricanes, an increase in 
stomach and intestinal illness among evacuees, and 
mental health impacts such as depression and post- 
traumatic stress disorder.'*’ Failure to fully account 
for both direct and indirect health impacts might 
result in inadequate preparation for and response to 
future extreme weather events.'*’ 

Floods 

Heavy downpours have increased in recent decades 
and are projected to increase further as the world 
continues to warm.**"’ In the United States, the 
amount of precipitation failing In the heaviest 1 
percent of rain events increased by 20 percent in 
the past century, while total precipitation increased 
by 7 percent. Over the last century, there was a 
50 percent increase in the frequency of days with 
precipitation over 4 inches in the upper Midwest."’ 
Other regions, notably the South, have also seen 
strong increases in heavy downpours, with most of 
these coming in the warm season and almost all of 
the increase coming in the last few decades. 

Heavy rains can lead to flooding, which can cause 
health impacts including direct injuries as well as 
increased incidence of waterborne diseases due to 
pathogens such as Cryptosporidium and Giardia."-''’' 
Downpours can trigger sewage overflows, contami- 
nating drinking water and endangering beachgoers. 
The consequences will be particularly severe in the 
roughly 770 U.S. cities and towns, including New 
Yoric, Chicago, Washington DC, Milwaukee, and 
Philadelphia, that have “combined sewer systems:” 
an older design that carries storm water and sew- 
age in the same pipes.’** During heavy rains, these 
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systems often cannot handle the volume, and 
raw sewage spills into lakes or waterways, includ- 
ing drinking-water supplies and places where 
people swim.-^- 

In 1994. the Environmental Protection Agency 
(EPA) established a policy that mandates that 
communities substantially reduce or eliminate 
their combined sewer overflow, but this mandate 
remains unfulfilled.-’'*'^ In 2004, the EPA estimated 
it would cost $55 billion to correct combined sew'er 
overflow problems in publicly owned w'astewater 
treatment systems.-’'" 

Using 2.5 inches of precipitation in one day as the 
threshold for initiating a combined sewer overflow 
event, the frequency of these events in Chicago is 
expected to rise by 50 percent to 120 percent by the 
end of this century,’'’- posing further risks to drink- 
ing and recreational water quality. 


Wildfires 

Wildfires in the United States are already increas- 
ing due to warming. In the West, there has been 
a nearly fourfold increase in large wildfires in 
recent decades, with greater fire frequency, lon- 
ger fire durations, and longer wildfire seasons. 

This increase is strongly associated with increased 
spring and summer temperatures and earlier spring 
snowmeh, which have caused drying of soils and 
vegetation.‘*’-“-'‘^ In addition to direct injuries and 
deaths due to burns, wildfires can cause eye 
and respiratory illnesses due to fire-related 
air pollution.'*’ 


Some diseases transmitted by food, 
water, and insects are likely to increase, 

A number of important disease-causing agents 
(pathogens) commonly transmitted by food, water, 
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or animals are susceptible to changes in replication, 
survival, persistence, habitat range, and transmis- 
sion as a result of changing climatic conditions 
such as increasing temperature, precipitation, and 
extreme weather events.'*-' 

• Cases of food poisoning due to Salmonella and 
other bacteria peak within one to six weeks of 
the highest reported ambient temperatures.'*^ 

• Cases of waterborne Cryptosporidium and 
Giardia increase following heavy downpours. 
These parasites can be transmitted in drinking 
water and through recreational water use.’*’ 

• Climate change affects the life cycle and dis- 
tribution of the mosquitoes, ticks, and rodents 
that carry West Nile virus, equine encephali- 
tis, Lyme disease, and hantavirus. However, 
moderating factors such as housing quality, 
land use patterns, pest control programs, and a 
robust public health infrastructure arc likely to 
prevent the large-scale spread of these diseases 
in the United States.'*’-’®’ 

• Heavy rain and flooding can contaminate 
certain food crops with feces from nearby 
livestock or wild animals, increasing the 
likelihood of food-borne disease associated 
with fresh produce.'*’ 

• Vibrio sp. (shellfish poisoning) accounts for 20 
percent of the illnesses and 95 percent of 

the deaths associated with eating infected 
shellfish, although the overall incidence 
of illness from Vibrio infection remains 
low. There is a close association between 
temperature. Vibrio sp, abundance, and 
clinical illness. The U.S. infection rate 
increased 41 percent from 1996 to 2006,'*’ 
concurrent with rising temperatures. 

• As temperatures rise, tick populations that 
carry Rocky Mountain spotted fever are 
projected to shift from south to north.’®* 

• The introduction of disease-causing agents 
from other regions of the world is an 
additional threat.'*’ 


While the United States has programs such as 
the Safe Drinking Water Act that help protect 
against some of these problems, climate change 
will present new challenges. 


Rising temperature and carbon 
dioxide concentration increase pollen 
production and prolong the pollen 
season in a number of plants with 
highly allergenic pollen, presenting a 
health risk. 

Rising carbon dioxide levels have been observed to 
increase the growth and toxicity of some plants that 
cause health problems. Climate change has caused 
an earlier onset of the spring pollen season in the 
United States.’’'’ It is reasonable to conclude that 
allergies caused by pollen have also experienced 
associated changes in seasonality.’^’ Several labora- 
tory studies suggest that increasing carbon dixoide 
concentrations and temperatures increase ragweed 
pollen production and prolong the ragweed 
pollen season.'*’ ”’ 

Poison ivy growth and toxicity is also greatly 
increased by carbon dioxide, with plants growing 
larger and more allergenic. These increases exceed 
those of most beneficial plants. For example, poison 
ivy vines grow twice as much per year in air with 
a doubled preindustrial carbon dioxide concentra- 
tion as they do in unaltered air; this is nearly five 
times the increase reported for tree species in 


Pollen Counts Rise with 
Increasing Carbon Dioxide 
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other analyses.’"* Recent and projected increases in 
carbon dioxide also have been shown to stimulate 
the growth of stinging nettle and leafy spurge, two 
weeds that cause rashes when they come into con- 
tact with human skin.’"^-”" 


Certain groups, including children, 
the elderly, and the poor, are most 
vulnerable to a range of climate-related 
health effects. 

infants and children, pregnant women, the elderly, 
people with chronic medical conditions, outdoor 
workers, and people living in poverty are especially 
at risk from a variety of climate related health ef- 
fects. Examples of these effects include increasing 
heat stress, air pollution, extreme weather events, 
and diseases carried by food, water, and insects.'*^’ 

Children’s small ratio of body mass to surface area 
and other factors make them vulnerable to heat- 
related illness and death. Their increased breathing 
rate relative to body size, additional time spent out- 
doors, and developing respiratory tracts, heighten 
their sensitivity to air pollution. In addition, chil- 
dren’s immature immune systems increase their 
risk of serious consequences from waterborne and 
food-borne diseases, w'hile developmental factors 
make them more vulnerable to complications from 
severe infections such as E. col; or Salmonella.'^^ 

The greatest health burdens related to climate 
change are likely to fall on the poor, especially 


those lacking adequate shelter and access to other 
resources such as air conditioning.'*^ 

Elderiy people are more likely to have debilitating 
chronic diseases or limited mobility. The elderly 
are also generally more sensitive to extreme heat 
for several reasons. They have a reduced ability to 
regulate their own body temperature or sense when 
they are too hot. They are at greater risk of heart 
failure, which is further exacerbated when cardiac 
demand increases in order to cool the body during 
a heat wave.^‘* Also, people taking medications, 
such as diuretics for high blood pressure, have a 
higher risk of dehydration.'*' 

The multiple health risks associated with diabetes 
will increase the vulnerability of the U.S. popula- 
tion to increasing temperatures. The number of 
Americans with diabetes has grow'n to about 24 
million people, or roughly 8 percent of the U.S. 
population. Almost 25 percent of the population 
60 years and older had diabetes in 2007.’" Fluid 
imbalance and dehydration create higher risks for 
diabetics during heat waves. People w ith diabetes- 
related heart disease are at especially increased risk 
of dying in heat waves.”* 

High obesity rates in the United States are a con- 
tributing factor in currently high levels of diabe- 
tes. Similarly, a factor in rising obesity rates is a 
sedentary lifestyle and automobile dependence; 60 
percent of Americans do not meet minimum daily 
exercise requirements. Making cities more walk- 
able and bikeable would thus have multiple ben- 
efits: improved personal fitness and weight loss; 
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reduced iocai air pollution and associated respirato- able damage and disruptions to their lives. Adapfa- 

ry illness; and reduced greenhouse gas emissions.^'* tion tends to be reactive, unevenly distributed, and 

focused on coping rather than preventing problems. 
The United States has considerable capacity to Future reduction in vulnerability will require 

adapt to climate change, but during recent extreme consideration of how best to incorporate planned 

weather and climate events, actual practices have adaptation into long-term municipal and public ser- 

not always protected people and property. Vulner- vice planning, including energy, water, and health 
ability to extreme events is highly variable, with services, in the face of changing climate-related 

disadvantaged groups and communities (such as the risks combined with ongoing changes in population 
poor, infirm, and elderly) experiencing consider- and development patterns.'*- ''’'* 
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CHmate change will affect society through impacts 
on the necessities and comforts of life: water, energy, 
housing, transportation, food, natural ecosystems, and 
health. This section focuses on some characteristics of 
society that make it vulnerable to the potential impacts 
of climate change and how the risks and costs may be 
distributed. Many impacts of climate change on society, 
for example, sea-level rise and increased water scarcity, 
are covered in other sections of this report. This section 
is not a comprehensive analysis of societal vulnerabili- 
ties, but rather highlights key examples. 

Because societies and their built environments have de- 
veloped under a climate that has fluctuated within 
a relatively confined range of conditions, most 
impacts of a rapidly changing climate will pres- 
ent challenges. Society is especially vulnerable to 
extremes, such as heat waves and floods, many of 
which are increasing as climate changes.’’^ And 
while there are likely to be some benefits and 
opportunities in the early stages of warming, as 
climate continues to change, negative impacts are 
projected to dominate."^* 

Climate change will affect different segments 
of society differently because of their varying 
exposures and adaptive capacities. The impacts 
of climate change also do not affect .society in 


isolation. Rather, impacts can be e.xacerbated when 
climate change occurs in combination with the effects 
of an aging and growing population, pollution, poverty, 
and natural environmental fluctuations.'*^ '^^-^” Unequal 
adaptive capacity in the world as a whole also will pose 
challenges to the United States. Poorer countries are 
projected to be disproportionately affected by the im- 
pacts of climate change and the United States is strongly 
connected to the world beyond its borders tiirough 
markets, trade. Investments, shared resources, migrat- 
ing species, health, travel and tourism, environmental 
refugees (those fleeing deteriorating environmental 
conditions), and security. 



Cedar Rapids, Iowa, June 12. 2006 
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Population shifts and development 
choices are making more Americans 
vulnerable Co Che expected impacts of 
climate change. 

Climate is one of the key factors in Americans’ 
choices of where to live. As the U.S. population 
grows, ages, and becomes further concentrated 
in cities and coastal areas, society is faced with 
additional challenges. Climate change is likely to 
exacerbate these challenges as changes in tempera- 
ture, precipitation, sea levels, and extreme weather 
events increasingly affect homes, communities, 
water supplies, land resources, transportation, ur- 
ban infrastructure, and regional characteristics that 
people have come to value and depend on. 

Population growth in the United States over the 
past century has been most rapid in the South, near 
the coasts, and in large urban areas (see figure on 
page 55 in the Energy sector). The four most popu- 
lous states in 2000 - California, Texas, Florida, and 
New York - accounted for 38 percent of the total 
growth in U.S. population during that time, and 
share significant vulnerability to coastal storms, 
severe drought, sea-level rise, air pollution, and ur- 
ban heat island effects.^'-’ But migration patterns are 
now shifting: the population of the Mountain West 
(Montana, Idaho, Wyoming, Nevada, Utah, Colo- 
rado, Arizona, and New Mexico) is projected to in- 
crease by 65 percent from 2000 to 2030, represent- 
ing one-third of all U.S. population growth.’”-^'^ 
Southern coastal areas on both the Atlantic and 
the Gulf of Mexico are projected to continue to .see 
population growth.^'^ 

Overlaying projections of future climate change and 
its impacts on expected changes in U.S. population 
and development patterns reveals a critical insight: 
more Americans will be living in the areas that are 
most vulnerable to the effects of climate change.-” 

America’s coa.stlines have seen pronounced popu- 
lation growth in regions most at risk of hurricane 
activity, sea-ievel rise, and storm surge - pulling 
more people and property in harm’s way as the 
probability of harm increases.’” On the Atlantic 
and Gulf coasts where hurricane activity is preva- 
lent, the coastal land in many areas is sinking while 
sea level is rising. Human activities are exacerbat- 


ing the loss of coastal wetlands that once helped 
buffer the coastline from erosion due to storms. The 
devastation caused by recent hurricanes highlights 
the vulnerability of these areas.--'* 

The most rapidly growing area of the country is 
the Mountain West, a region projected to face more 
frequent and severe wildfires and have less water 
available, particularly during the high-demand 
period of summer. Continued population growth in 
these arid and semi-arid regions would stress w'ater 
supplies. Because of high demand for irrigating ag- 
riculture, overuse of rivers and streams is common 
in the arid West, particularly along the Front Range 
of the Rocky Mountains in Colorado, in Southern 
California, and in the Central Valley of California. 
Rapid population and economic growth in these 
arid and semi-arid regions has dramatically in- 
creased vulnerability to water shortages (see Waier 
Resources sector and Southwest region).-” 

Many questions are raised by ongoing development 
patterns in the face of climate change. Will growth 
continue as projected in vulnerable areas, despite 
the risks? Will there be a retreat from the coastline 
as it becomes more difficult to insure vulnerable 
properties? Will there be pressure for the govern- 
ment to insure properties that private insurers 
have rejected? How can the vulnerability of new 
development be minimized? How can we ensure 
that communities adopt measures to manage the 
significant changes that are projected in sea level, 
temperature, rainfall, and extreme weather events? 

Development choices ai'e based on people’s needs 
and desires for places to live, economies that pro- 
vide employment, ecosy.stems that provide services, 
and community-based social activities. Thus, the 
future vulnerability of society will be influenced 
by how and where people choose to live. Some 
choices, such as expanded development in coastal 
regions, can increase vulnerabilities to climate- 
related events, even without any change in climate. 

Vulnerability is greater for those who 
have few resources and few choices. 

Vulnerabilities to climate change depend not only 
on where people are but also on their circumslanc- 
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es. In general, groups that are especially vul- 
nerable include the very young, the very old, 
the sick, and the poor. These groups represent a 
more significant portion of the total population 
in some regions and localities than others. For 
example, the elderly more often cite a warm 
climate as motivating their choice of where 
to live and thus make up a larger share of the 
population in warmer areas.-'°-^ 

In the future (as in the past), the impacts of 
climate change are likely to fall disproportion- 
ately on the disadvantaged.-’*^ People with few 
resources often live in conditions that increase 
their vulnerability to the effects of climate 
change.'^' For example, the experience with 
Hurricane Katrina show'ed that the poor and 
elderly were the most vulnerable because of 
w'here they lived and their limited ability to 
get out of harm's way. Thus, those who had 
the least proportionately lost the most. And it is 
clear that people w'ith access to financial resources, 
including insurance, have a greater capacity to 
adapt to, recover, or escape from adverse impacts 
of climate change than those who do not have such 
access.’”^'’'* The fate of the poor can be permanent 
dislocation, leading to the loss of social relation- 
ships and community support netw'orks provided 
by schools, churches, and neighborhoods. 

Native American communities have unique vul- 
nerabilities. Native Americans who live on estab- 
lished reservations are restricted to reservation 
boundaries and therefore have limited relocation 
option.s.-*'’ In Alaska, over 100 villages on the coast 
and in low-lying areas along rivers are subject to 
increased flooding and erosion due to warming.”^ 
Warming also reduces the availability and acces- 
sibility of many traditional food sources for Native 
Alaskans, such as seals that live on ice and caribou 
whose migration patterns depend on being able to 
cross frozen rivers and wetlands. These vulnerable 
people face losing their current livelihoods, their 
communities, and in some cases, their culture, 
which depends on traditional ways of collect- 
ing and sharing tbod.'-’--^^'’ Native cultures in the 
Southw'est are particularly vulnerable to impacts of 
climate change on water quality and availability. 



City residents and city infrastructure 
have unique vulnerabilities to 
climate change. 

Over 80 percent of the U.S. population resides in 
urban areas, which are among the most rapidly 
changing environments on Earth. In recent de- 
cades, cities have become increasingly spread out, 
complex, and interconnected with regional and 
national economies and infrastructure.”® Cities 
also experience a host of social problems, includ- 
ing neighborhood degradation, traffic congestion, 
crime, unemployment, poverty, and inequities in 
health and well-being. Climate-related changes 
such as increased heat, water shortages, and 
extreme weather events wilt add further stress to 
existing problems. The impacts of climate change 
on cities are compounded by aging infrastructure, 
buildings, and populations, as w'ell as air pollu- 
tion and population grow th. Further, infrastructure 
designed to handle past variations in climate can 
instill a false confidence in its ability to handle 
future changes. How^ever, urban areas also present 
opportunities for adaptation through technology, 
infrastructure, planning, and design.”’ 

As cities grow, they alter local climates through the 
urban heat island effect. This effect occurs because 
cities absorb, produce, and retain more heat than 
the surrounding countryside. The urban heat island 
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effect has raised average urban air temperatures 
by 2 to 5°F more than surrounding areas over the 
past 100 years, and by up to 20°F more at night.--' 
Such temperature increases, on top of the general 
increase caused by human-induced warming, affect 
urban dwellers in many ways, influencing he^th, 
comfort, energy costs, air quality, water quality 
and availability, and even violent crime (which 
increases at high temperatures) (see Human Health, 
Energy, and Water Resources sectors).”--^’^-^”-^*^ 

More frequent heavy downpours and floods in 
urban areas will cause greater property damage, a 
heavier burden on emergency management, in- 
creased clean-up and rebuilding costs, and a grow- 
ing financial toll on businesses and homeowners. 
The Midwest floods of 2008 provide a recent vivid 
example of such tolls. Heavy downpours and urban 
floods can also overwhelm combined sew'er and 
storm-water systems and release pollutants to wa- 
terways.^'^ Unfortunately, for many cities, current 


planning and existing infrastructure are designed 
for the historical one-in-100 year event, whereas 
cities are likely to experience this same flood level 
much more frequently as a result of the climate 
change projected over this century.'^* ''-"’'-'*'' 

Cities are also likely to be affected by climate 
change in unforeseen ways, necessitating diversion 
of city funds for emergency responses to extreme 
weather.^"* There is the potential for increased sum- 
mer electricity blackouts owing to greater demand 
for air conditioning.’-^ For example, there were 
widespread power outages in Chicago during the 
!995 heat wave and in some parts of New York City 
during the 1999 heat wave. In southern California's 
cities, additional summer electricity demand will 
intensify conflicts between hydropower and flood- 
control objectives.’'”' Increased costs of repairs 
and maintenance are projected for transportation 
systems, including roads, railways, and airports, as 
they are negatively affected by heavy downpours 


stagnation When Heat Waves Exist 

Summer, 1950 to 2007 


Heat, Drought, and Stagnant Air Degrade Air Quaiity and Quality of Life 


Heat waves and poor air quality already threaten the lives of thousands of people each year.^^^ Experi^ce 
and research have shown that these events are interrelated zs the atmospheric conditions diat produce. ; 
heat waves are often accompanied by stagnant air and poor air quality.^* The simultaneous occurrence of 
heat waves, drou^t, and stapiant air neptively affects quality of life, especially in cities. ; 

One such event occurred in the United States dut ing the sufnna^!^'l988, causing 5,000 to 10.000 deaths 
and economic losses of more than $7&biinon (In 2002 dollars)i^^^;Half'Of the nation was affected by; 
draught, and 5 994 alLtime daily high temperature 
records were set around the country in July alone 
(more than three times the most recent 10-year 
; average).^^^'^^’ Poor quality resulting from the lack 
of rainfall, t.ennperatures, and stagnant condinons 
led to an unprecedented number of unhealthy air 
quality days throughout targe parts of the country.^^' 

Continued climaco chmge is projected to increase the 
likelihood of such episodes.^^|||^^|§|ifi-^ 

Interactions such as those between heat wave and 
drought will.affect adaptation planning. Few example, 
electricity use increases during waves due to 
increased air conditioning demand.^^f*'?^'. During 
droughts, cooling water availability is at its lowest. 

Thus, during a simultaneous heat wave and drought, 
electricity demand for cooling will be hi^ vtdien power 
plant cooling water availability is at its lowest;^ : 



0 5 10 15 20 25 

Percent NOAA/f^coc”’ ■ 

The map shows the frequency of occurrence of stagnant 
air conditions when heat wave conditions were also , 
present. Since 1950, across the Southeast, southern Great 
Plains, and most of the West, the air was stagnant more 
than 25 percent of the time during heat waves. 
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and extreme heat''”’ (see Transporiafion sector). 
Coping with increased flooding wilt require re- 
placement or improvements in storm drains, flood 
channels, levees, and dams. 

In addition, coastal cities are also vulnerable to 
sea-level rise, storm surge, and increased hurricane 
intensity. Cities such as New Orleans, Miami, and 
New York are particularly at risk, and would have 
difficulty coping with the sea-level rise projected 
by the end of the century under a higher emissions 
scenario.'’^ '*’^ Remnants of hurricanes moving in- 
land also threaten cities of the Appalachian Moun- 
tains, which are vulnerable if hurricane frequency 
or intensity increases. Since most large U.S. cities 
are on coasts, rivers, or both, climate change will 
lead to increased potential flood damage. The larg- 
est impacts are expected when sea-level rise, heavy 
runoff, high tides, and storms coincide.^'-’ Analyses 
of New York and Boston indicate that the potential 
impacts of climate change are likely to be negative, 
but that vulnerability can be reduced by behavioral 
and policy changes.^''’'”'*'^’'’ 

Urban areas concentrate the human activities that 
are largely responsible for heat-trapping emissions. 
The demands of urban residents are also associated 
with a much larger footprint on areas far removed 
from these population centers.^” On the other hand, 
concentrating activities such as transportation can 
make them more efficient. Cities have a large role 
to play in reducing heat-trapping emissions, and 
many are pursuing such actions. For example, over 
900 cities have committed to the U.S. Mayors' Cli- 
mate Protection Agreement to advance emissions 
reduction goais.^'’ 

Cities also have considerable potential to adapt to 
climate change through lechnoiogicai, institutional, 
structural, and behavioral changes. For example, a 
number of cities have warning programs in place 
to reduce heat-related illness and death (see Human 
Health sector). Relocating development away from 
low-lying areas, building new infrastructure with 
future sea-level rise in mind, and promoting water 
conservation are examples of structural and institu- 
tional strategies. Choosing road materials that can 
handle higher temperatures is an adaptation option 
that relies on new technology (see Transportation 
sector). Cities can reduce heat loads by increasing 


Rising Heat index in Phoenix 



The average number of hours per summe*- da 
that Che temperature was over 100'^ has doubled over the 
past so years, in part as a, result of the urban heat island 
effect Hot days take a toll on both quahty of life and loss 
of hfe. Arizona’s heac-reiated deaths are the h>g)iest of any 


reflective surfaces and green spaces. Some actions 
have multiple benefits. For example, increased 
planting of trees and other vegetation in cities has 
been shown to be associated with a reduction in 
crime,*” in addition to reducing local temperatures, 
and thus energy demand for air conditioning. 


Human well-being is influenced by economic 
conditions, natural resources and amenities, public 
health and safety, infrastructure, government, and 
social and cultural resources. Climate change will 
influence all of these, but an understanding of the 
many interacting impacts, as well as the ways soci- 
ety can adapt to them, remains in its infancy.*®^’”’ 


Climate change affects communities 
through changes in climate-sensitive 
resources that occur both locally and 
at great distances. 

Human communities are intimately connected to 
resources beyond their geographical boundaries. 
Thus, communities will be vulnerable to the poten- 
tial impacts of climate change on sometimes-distant 
resources. For example, communities that have de- 
veloped near areas of agricultural production, such 
as the Midwest corn belt or the wine-producing 
regions of California and the Northwest, depend on 
the continued productivity of those regions, which 
would be compromised by increased temperature 
or severe weather.*'* Some agricultural production 
that is linked to cold climates is likely to disappear 
entirely: recent warming has altered the required 
temperature patterns for maple syrup production, 
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shifting production northward from New England 
into Canada. Similarly, cranberries require a long 
winter chill period, which is shrinking as climate 
warms'’^ (see Northeast region). Most cities de- 
pend on water supplies from distant watersheds, 
and those depending on diminishing supplies (such 
as the Sierra Nevada snowpack) are vulnerable. 
Northwest communities also depend upon forest 
resources for their economic base, and many 
island, coastal, and “sunbelt” communities depend 
on tourism. 

Recreation and tourism play important roles in the 
economy and quality of life of many Americans, 
in some regions tourism and recreation are major 
job creators, bringing billions of dollars to regional 
economies. Across the nation, fishing, hunting, 
skiing, snowmobiling, diving, beach-going, and 
other outdoor activities make important economic 
contributions and are a part of family traditions 
that have value that goes beyond financial returns. 
A changing climate will mean reduced opportuni- 
ties for some activities and locations and expanded 
opportunities for others.’''’-’^* Hunting and fish- 
ing will change as animals’ habitats shift and as 
relationships among species in natural communities 
are disrupted by their different responses to rapid 
climate change. Water-dependent recreation in 
areas projected to get drier, such as the Southwest, 
and beach recreation in areas that are expected to 
see rising .sea levels, will suffer. Some regions will 
see an expansion of the season for warm weather 
recreation such as hiking and bicycle riding. 

Examples of Impacts On Recreation 


Insurance is one of the Industries 
particularly vulnerable to Increasing 
extreme weather events such as severe 
storms, but it can also help society 
manage the risks. 

Insurance - the world’s largest industry - is one of 
the primary mechanisms through which the costs of 
climate change are distributed across society.^'''’-’^' 

Most of the climate change impacts described in 
this report have economic consequences. A signifi- 
cant portion of these flow through public and pri- 
vate insurance markets, which essentially aggregate 
and distribute society's risk. Insurance thus pro- 
vides a window into the myriad ways in which the 
costs of climate change will manifest, and serves as 
a form of economic adaptation and a messenger of 
these impacts through the terms and price signals it 
sends its customers. 

In an average year, about 90 percent of insured ca- 
tastrophe losses worldwide are weather-related. In 
the United States, about half of all these losses are 
insured, which amounted to $320 billion between 
1980 and 2005 (inflation-adjusted to 2005 dollars). 
While major events such as hurricanes grab head- 
lines, the aggregate effect of smaller events 
accounts for at least 60 percent of total insured 
losses on average.”^ Many of the smallest scale 
property losses and weather-related life/health 
losses are unquantified.’'*^ 

Escalating exposures to cata- 
strophic weather events, coupled 
with private insurers’ withdraw- 
al from variou-s markets, are 
placing the federal government 
at increased financial risk as 
insurer of last resort. The Na- 
tional Flood Insurance Program 
would have gone bankrupt after 
the storms of 2005 had they not 
been given the ability to borrow 
about $20 billion from the U.S. 
Treasury.”* For public and pri- 
vate insurance programs alike, 
rising losses require a combina- 
tion of risk-based premiums and 
improved loss prevention. 
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While economic and demographic factors have no doubt 
contributed to observed increases in losses,’^ these factors 
do not fully explain the upward trend in costs or numbers of 
events.’^'*'^^’ For example, during the time period covered in the 
figure to the right, population increased by a factor of 1.3 while 
losses increased by a factor of ! 5 to 20 in inflation-corrected 
dollars. Analyses asserting little or no role of climate change in 
increasing the risk of losses tend to focus on a highly limited 
set of hazards and locations. They also often fail to account for 
the vagaries of natural cycles and inflation adjustments, or to 
normalize for countervailing factors such as improved pre- and 
post-event loss prevention (such as dikes, building codes, and 
early warning systems).-’^* 

What is known with far greater certainty is that future increases 
in losses will be attributable to climate change as it increases 
the frequency and intensity of many types of extreme weather, 
such as severe thunderstorms and heat waves.'”-*^ 

Insurance is emhlemalic of the increasing globalization of cli- 
mate risks. Because large U.S.-based companies operate around 
the world, their customers and assets are exposed to climate 
impacts wherever they occur. Most of the growth in the insur- 
ance industry is in emerging markets, which will structurally 
increase U.S. insurers' exposure to climate risk because tho.se 
regions are more vulnerable and are experiencing particularly 
high rates of population growth and development.”' 

The movement of populations into harm’s way creates a rising 
baseline of insured losses upon which the consequences of 
climate change will be superimposed. These observations re- 
inforce a recurring theme in this report: the past can no longer 
he used as the basis for planning for the future. 

It is a challenge to design insurance systems that properly 
price risks, reward loss prevention, and do not foster risk 
taking (for example by repeatedly rebuilding flooded home,s). 

This challenge is particularly acute in light of insurance mar- 
ket distortions such as prices that inhibit insurers’ ability to 
recover rising losses, combined with information gaps on the 
impacts of climate change and adaptation strategies. Rising 
losses”’ are already affecting the availability and affordability 
ofinsurance. Several million customers in the United States, 
no longer able to purchase private insurance coverage, are tak- 
ing refuge in state-mandated insurance pools, or going with- 
out insurance altogether. Offsetting rising insurance costs is 
one benefit of mitigation and adaptation inve.stments to reduce 
the impacts of cllm^e change. 


iOS 



Avorags Air Temperature (*F) 


There is a strong observed correlation be^- 
eweetn h{|her temperatures and the frequen- 
cy of lightning-tnduced insured losses in the 
United States. Each .marker represents ag- 
gregate monthty U.S. lightning-related insure 
ance claims paid by one large national insurer ' 
over a five-year period, 1991-1995. All else:, 
being equal, these claims are expected to in- 
crease with temperature.”* *”-”* • 
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Virtually all segments of the insurance industry 
are vulnerable to the impacts of climate change. 
Examples include damage to property, crops, for- 
est products, livestock, and transptMlation infra- 
structure; business and supply-chain interruptions 
caused by weather extremes, water shortages, and 
electricity outages; legal consequences;”^ and 
compromised health or loss of life. Increasing risks 
to insurers and their customers are driven by many 
factors including reduced periods of time between 
loss events, increasing variability, shifting 
types and location of events, and widespread 
simultaneous losses. 

in light of these challenges, insurers are emerging 
as partners in climate science and the formulation 
of public policy and adaptation strategies.^** Some 
have promoted adaptation by providing premium 
incentives for customers who fortify their proper- 
ties, engaging in the process of determining build- 
ing codes and land-use plans, and participating in 
the development and financing of new technologies 
and practices. For example, the Federal Emergency 
Management Agency (FEMA) Community Rating 
System is a point system that rewards communities 
that undertake floodplain management activities 
to reduce flood risk beyond the minimum require- 
ment set by the National Flood Insurance Pro- 
gram. Everyone in these communities is rewarded 
with lower flood insurance premiums (-5 to -45 
percent).”’ Others have recognized that mitigation 
and adaptation can work hand in hand in a coor- 
dinated climate risk-management strategy and are 
offering “green” insurance products designed to 
capture these dual benefits.”'-**'* 

The United States is connected to a 
world that is unevenly vulnerable to 
ciintate change and thus wilt be affected 
by impacts in other parts of the world. 

American society will not experience the potential 
impacts of climate change in isolation. In an in- 
creasingly connected world, impacts elsewhere will 
have political, social, economic, and environmen- 
tal ramifications for the United States. As in the 
United States, vulnerability to the potential impacts 
of climate change w'orldwide varies by location, 
population characteristics, and economic status. 


The rising concentration of people in cities is 
occurring globally, but is most prevalent in lower- 
income countries. Many large cities are located in 
vulnerable areas such as floodplains and coasts. 

In most of these cities, the poor often live 
in the most marginal of these environments, in 
areas that are susceptible to extreme events, and 
their ability to adapt is limited by their lack of 
financial resources.”- 

In addition, over half of the world’s population - in- 
cluding most of the world’s major cities - depends 
on glacier melt or snowmelt to supply water for 
drinking and municipal uses. Today, some locations 
are experiencing abundant water supplies and even 
frequent floods due to increases in glacier melt 
rates due to increased temperatures worldwide. 
Soon, however, this trend is projected to reverse as 
even greater temperature increases reduce glacier 
mass and cause more winter precipitation to fall as 
rain and less as snow.*” 

As conditions worsen elsewhere, the number of 
people wanting to immigrate to the United States 
will increase. The direct cause of potential in- 
creased migration, such as extreme climatic events, 
will be difficult to separate from other forces that 
drive people to migrate. Climate change also has 
the potential to alter trade relationships by chang- 
ing the comparative trade advantages of regions or 
nations. As with migration, shifts in trade can have 
multiple causes. 

Accelerating emissions in economies that are 
rapidly expanding, such as China and India, pose 
future threats to the climate system and already are 
associated with air pollution episodes that reach the 
United States.**’ 

Meeting the challenge of improving conditions for 
the world’s poor has economic implications for the 
United States, as does intervention and resolution 
of intra- and intergroup conflicts. Where climate 
change exacerbates such challenges, for example by 
limiting access to scarce resources or increasing in- 
cidence of damaging weather events, consequences 
are likely for the U.S. economy and security.”* 
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The Northeast has signif ^cant geographic and climatic diversity 
within its relatively smalt area. The character and economy of the 
Northeast have been shaped by many aspects of its climate including 
its snowy winters, colorful autumns, and variety of extreme events 
such as nor’easters, ice storms, and heal waves. This familiar climate 
has already begun changing in noticeable ways. 

Since 1970, the annua! average temperature in the Northeast has 
increased by 2°F, with winter temperatures rising twice this much.'” 

Warming has resulted in many other climate-related changes, 
including: 

• More frequent days with temperatures above 90°F 

• A longer growing season 

• Increased heavy precipitation 

• Less winter precipitation falling as snow and more as rain 

• Reduced snowpack 

• Earlier breakup of winter ice on lakes and rivers 

• Earlier spring snowmelt resulting in earlier peak river flows 

• Rising sea surface temperatures and sea level 

Each of these observed changes is consistent with the changes expect- 
ed in this region from global warming. The Northeast is projected to 
face continued warming and more extensive climate-related changes, 
some of which could dramatically alter the region’s econotny, land- 
scape, character, and quality of life. 

Over the next several decades, temperatures in the Northeast are 
projected to rise an additional 2.5 to 4®? in winter and 1.5 to 3.5®F 
in .summer. By mid-century and beyond, however, today’s emissions 
choices would generate starkly different climate futures; the lower the emissions, the smaller the climatic 
changes and resulting impacts,'””® By late this century, under a higher emissions scenario®': 


CHmale on the Move: 

Changing Summers in New Hampshire 



Yellow arrows track what summit's are 
protected to- feel like under a lower enusx 

protectionsforahighi 

(referred, to • ■ • ■ 

For examplev under - 

scenario,* * ' by fate:thf 
New Hampsh re would expertence e sum 
more nkewhatbccuHtiM^iO 
North Carolina *** 



• Winters in the Northeast are projected to be much shorter with fewer cold days and more precipitation. 

• The length of the winter snow season would be cut in half across northern New York. Vermont, New 
Hampshire, and Maine, and reduced to a week or two in southern parts of the region. 

• Cities that today experience few days above lOO^F each summer would average 20 such days per sum- 
mer, w'hile certain cities, such as Hartford and Philadelphia, would average nearly 30 days over 100°F. 

• Short-term (one- to three-month) droughts are projected to occur as frequently as once each summer in 
the Catsklll and Adirondack Mountains, and across the New England states. 

• Hot summer conditions would arrive three weeks eariier and last three weeks longer into the fall, 

• Sea level in this region is projected to rise more than the global average, see Global and National Cli- 
mate Change and Coasts sectiotis for more information on sea-level rise (pages 25. 37, 150). 
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Extreme heat and declining air 
quality are likely to pose increasing 
problems for human health, 
especially in urban areas. 

Heat waves, which are currently rare in the 
region, are projected to become much more 
commonplace in a warmer future, with 
major implications for human health (see 
Human Health sector). 

In addition to the physiological stresses as- 
sociated with hotter days and nights,^*^ for 
cities that now experience ozone pollution 
problems, the number of days that fail to 
meet federal air quality standards is pro- 
jected to increase with rising temperatures 
if there are no additional controls on ozone- 
causing pollutants''^-’ (see Human Health 
sector). Sharp reductions in emissions 
will be needed to keep ozone within 
existing standards. 


Projected Shifts in Tree Species 



Much of the Norehoa^t's forest is composed of (he hardwoods maple, 
bee^, and birch, 'whdenYountain areasand more northerti parts of the 
region arc dominated by'spvuce/fir forests. As climate changes over 
this cefitury. suitable habitat sp^rUCeand fif is expected to contmc : 
draiiuticatiy. Suitable maple/beech/birch h.-|bitat is projected to shift 
significantly nordiward under a higher emissions scenario (referred 
to as "even hi^er" oh page^ZS).’* but ta shift far less under a tower 
emissions scenario.^' ’^Otherstudiesoftraespecies shifts suggest even 
more dramatic chahges than those shown here (See page Si). 


Projected changes in summer heat (see figure 
below) provide a clear sense of how different the 
climate of the Northeast is projected to be under 
lower versus higher emissions scenarios. Changes 
of this kind will require greater use of air condi- 
tioning (see Energy sector). 

Projected Days per Year over Boston 

90^ -■ '"il 

Lower Ermssipn Scenano’^’ | 
Higher Scenario*’! || 



n ffeaE^:fw$6tts, under teviier 

and hi^er (referred to as w page.^) s«- 

nanos*' The inset shows projected di^dy«pfCK)’P.“* ' 


Agricultural production, including dairy, 
fruit, and maple syrup, are likely to 
be adversely affected as favorable 
climates shift. 

Large portions of the Northeast are likely to be- 
come unsuitable for growing popular varieties of 
apples, blueberries, and cranberries under a higher 
emissions scenario.’' ’"^ ’®’ Climate conditions suit- 
able for mapie/beech/birch forests are projected to 
shift dramatically northward (see figure above), 
eventually leaving only a small portion of the 
Northeast with a maple sugar business.’'’^ 

The dairy industry is the most important agricul- 
tural sector in this region, with annual production 
worth $3.6 billion.’*’ Heat stress in dairy cows 
depresses both milk production and birth rates 
for periods of weeks to months.'^’-’** By late this 
century, all but the northern parts of Maine, New 
Hampshire, New York, and Vermont are projected 
to suffer declines in July milk production under the 
higiter em issions scenario. In parts of Connecticut. 
Massachusetts, New Jersey, New York, and Penn- 
sylvania, a large decline in milk production, up to 
20 percent or greater, is projected. Under the lower 
emissions scenario, however, reductions in milk 
production of up to 10 percent remain confined 
primarily to the southern parts of the region. 
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This anaiysis used average 
monthiy temperature and hu- 
midify data that do not capture 
daily variations in heat stress 
and projected increases in ex- 
treme heat. Nor did the analy- 
sis directly consider farmer 
responses, such as installation 
of potentially costly cooling sys- 
tems. On balance, these projec- 
tions are likely to underestimate 
impacts on the dairy industry.'™ 


Severe flooding due to 
sea-ievel rise and heavy 
downpours is likely to 
occur more frequently. 


The densely populated coasts 

of the Northeast face substan- _ _ ...... 

tial increases in the extent - - ‘ 

and frequency of storm surge, 
coastal flooding, erosion, 
property damage, and loss of 

wetlands.^*’-’*’ New York state alone has more than $2.3 trillion in insured coastal property.’*® Much of this 
coastline is exceptionally vulnerable to sea-level rise and related Impacts. Some major insurers have with- 
drawn coverage from thousands of homeowners in coastal areas of the Northeast, including New York City. 


Rising sea level Is projected to increase the frequency and severity of damaging storm surges and flooding. 
Under a higher emissions scenario,”' what is now considered a once-in-a-century coastal flood in New York 
City is projected to occur at least twice as often by mid-century, and 10 times as often (or once per decade 
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on average) by late this century. With a lower emis- 
sions scenario,'*' today's 100-year flood is projected 
to occur once every 22 years on average by late 
this century.’^'* 


to benefit from snowmaking, the prospects for the 
snowmobiling industry are even worse. Most of the 
region is likely to have a marginal or non-existent 
snowmobile season by mid-century. 



The projected reduction in snow cover 
will adversely affect winter recreation 
and the industries that rely upon it. 

Winter snow and ice sports, which contribute some 
$7.6 billion annually to the regional economy, 
will be particularly affected by warming.”- Of 
this total, alpine skiing and other snow sports (not 
including snowmobiling) account for $4.6 billion 
annually. Snowmobiling, which now rivals skiing 
as the largest winter recreation industry in the na- 
tion, accounts for the remaining $3 billion.”- Other 
winter traditions, ranging from skating and ice 
fishing on frozen ponds and lakes, to cross-country 
(Nordic) skiing, snowshoeing, and dog sledding, 
are integral to the character of the Northeast, and 
for many residents and visitors, its desirable quality 
of life. 

Warmer winters will shorten the average ski and 
snowboard seasons, increase artillcial snowmak- 
ing requirements, and drive up operating costs. 
While snowmaking can enhance the prospects for 
ski resort success, it requires a great deal of water 
and energy, as well as very cold nights, which are 
becoming less frequent. Without the opportunity 


The center of lobster fisheries is 
projected to continue its northward 
shift and the cod fishery on Georges 
Bank is likely to be diminished. 

Lobster catch has increased dramatically in the 
Northeast as a whole over the past three decades, 
though not uniform Catches in the south- 
ern part of the region peaked in the mid-1990s, 
and have since declined sharply, beginning with 
a 1997 die-off in Rhode Island and Buzzards 
Bay (Massachusetts) associated with the onset of 
a temperature-sensitive bacterial shell disease, 
and accelerated by a 1999 lobster die-off in Long 
Island Sound. Currently, the southern extent of the 
commercial lobster harvest appears to be limited 
by this temperature-sensitive shell disease, and 
these effects are expected to increase as near-shore 
water temperatures rise above the threshold for 
this disease. Analyses also suggest that lobster 
survival and settlement in northern regions of the 
Gulf of Maine could be increased by warming 
water, a longer growing season, more rapid growth, 
an earlier hatching season, an increase in nur.sery 
grounds suitable for larvae, and faster development 
of plankton.”® 



Cod populations throughout the North Atlantic 
are adapted to a wide range of seasonal ocean 
temperatures, including average annual tem- 
peratures near the seafloor ranging from 36 to 
54'’F. Large populations of cod are generally 
not found above the 54°F threshold.”^ Tem- 
perature also influences both the location and 
timing of spawning, which in turn affects the 
subsequent growth and survival of young cod. 
increases in average annual bottom tempera- 
tures above 47°F lead to a decline in growth 
and survival.”*-^’'* Projections of warming indi- 
cate that both the 47°F and the 54°F thresholds 
will be met or exceeded in this century under 
a higher emissions scenario.*” Climate change 
will thus introduce an additional stress to an 
already-stressed fishery.”^ 


no 
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results for future precipitation for the remainder of 
the Southeast. Models project that Gulf Coast states 
will tend to have less rainfall in winter and spring, 
compared with the more northern states in the region 
(see map on page 31 in the National Climate Change 
section). Because higher temperatures lead to more 
evaporation of moisture from soils and water loss 
from plants, the frequency, duration, and intensity of 
droughts are likely to continue to increase. 

The destructive potential of Atlantic hurricanes has 
increased since 1970, correlated with an increase in 
sea surface temperature. A similar relationship with 
the frequency of landfalling hurricanes has not been 
established^® (see National Climate Change sec- 
tion for a discussion of past trends and future projec- 
tions). An increase in average summer wave heights 
along the U.S. Atlantic coastline since 1975 has been 
attributed to a progressive increase in hurricane 
power."- ®*® The intensity of Atlantic hurricanes is 
likely to increase during this century with higher 
peak wind speeds, rainfall intensity, and storm surge 
height and strength.'^ "® Even with no increase in 
hurricane intensity, coastal inundation and shoreline 
retreat would increase as sea-level rise accelerates, 
which is one of the most certain and most costly con- 
sequences of a warming climate.’^'* 
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Projected increases in air and water 
temperatures will cause heat-related 
stresses for people, plants, and animals. 

The warming projected for the Southeast during 
the next 50 to 100 years will create heat-related 
stress for people, agricultural crops, livestock, 
trees, transportation and other infrastructure, fish, 
and wildlife. The average temperature change is 
not as important for all of these sectors and natu- 
ral systems as the projected increase in maximum 
and minimum temperatures. Examples of potential 
impacts include; 

• Increased illness and death due to greater 
summer heat stress, unless effective adaptation 
measures are implemented. 

• Decline in forest growth and agricultural crop 
production due to the combined effects of ther- 
mal stress and declining soil moisture.^'*" 

• Increased buckling of pavement and 
railways.“'’’^“ 

• Decline in dissolved oxygen in stream, lakes, 
and shallow aquatic habitats leading to fish 
kills and loss of aquatic species diversity. 

• Decline in production of cattle and other 
rangeland livestock.’’* Significant impacts on 
beef cattle occur at continuous temperatures 
in the 90 to 100®F range, increasing in danger 
as the humidity level increases (see Agricul- 
ture sector).^’' Poultry and swine are primarily 
raised in indoor operations, so warming would 
increase energy requirements.'” 

A reduction in very cold days is likely to reduce 
the loss of human li fe due to cold-related stress, 
while beat stress and related deaths in the sum- 
mer months are likely to increase. The reduction 
in cold-related deaths is not expected to offset the 
increase in heat-related deaths (see Human Health 
sector). Other effects of the projected increases in 
temperature include more frequent outbreaks of 
shellfish-borne diseases in coastal watens, altered 
distribution of native plants and animals, local 
loss of many threatened and endangered species, 
displacement of native species by invasive species, 
and more frequent and intense wildfire.s. 


Regional Climate Impacts: Soyth0ast 


Decreased water availability is very 
likely to affect the region’s economy as 
well as its natural systems. 

Decreased water availability due to increased 
temperature and longer periods of time between 
rainfall events, coupled with an increase in societal 
demand is very likely to affect many sectors of the 
Southeast’s economy. The amount and timing of 
water available to natural systems is also affected 
by climate change, as well as by human response 
strategies such as increasing storage capacity 
(dams)'"'^ and increasing acreage of irrigated crop- 
land.*”^ The 2007 water shortage in the Atlanta re- 
gion created serious conflicts between three states, 
the U.S. Army Corps of Engineers (which operates 
the dam at Lake Lanier), and the U.S. Fish and 
Wildlife Service, which is charged with protecting 
endangered species. As humans seek to adapt to 
climate change by manipulating water resources, 
slreamflow and biological diversity are likely to be 
reduced.'^-^ During droughts, recharge of ground- 
water will decline as the temperature and spacing 
between rainfall events increase. Responding by 
increasing groundwater pumping will further .stress 
or deplete aquifers and place increasing strain on 
surface water resources. Increasing evaporation 
and plant water loss rates alter the balance of runoff 
and groundw^er recharge, which is likely to lead 
to saltwater intrusion into shallow aquifers in many 
parts of the Southeast.'*- 




In Atlanta and Athens, Georgia, 2007 was the second driest year on 
record. Among the numerous effects of the rainfall shortage were 
restrictions on water use in some cities and low water levels in area 
lakes, in the photo, a dock lies on dryland nearAqualand Marina on 
Lake Lanier {located norUieast of Atlanta) in December 2007. 
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Sea-level rise and the likely increase in 
hurricane intensity and associated storm 
surge will be among the most serious 
consequences of climate change. 

An increase in average sea level of up to 2 feet or 
more and the likelihood of increased hurricane 
intensity and associated storm surge are likely to 
be among the most costly consequences of cli- 
mate change for this region (see National Climate 
Change section), As sea level rises, coastal shore- 
lines will retreat. Wetlands will be inundated and 
eroded away, and low-lying areas including some 
communities will be inundated more frequently - 
some permanently - by the advancing sea. Current 
buildings and infrastructure were not designed 
to withstand the intensity of the projected storm 
surge, which would cause catastrophic damage. As 
temperature increases and rainfall patterns change, 


soil moisture and runoff to the coast are likely to 
be more variable. The salinity of estuaries, coastal 
wetlands, and tidal rivers is likely to increase in the 
southeastern coastal zone, thereby altering coastal 
ecosystems and displacing them farther inland if no 
barriers exist. More frequent storm surge flooding 
and permanent inundation of coastal ecosystems 
and communities is likely in some low-lying areas, 
particularly along the central Gulf Coast where the 
land surface is sinking.-’”'^'^* Rapid acceleration in 
the rate of increase in sea-level rise could threaten 
a large portion of the Southeast coastal zone. The 
likelihood of a catastrophic increase in the rate of 
sea-levei rise is dependent upon ice sheet response 
to warming, which is the subject of much scientific 
uncertainty (see Global Climate Change section).^" 
Such rapid rise in sea level is likely to result in the 
destruction of barrier islands and wetlands. 
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Compared to the present coastal situation, for 
which vulnerability is quite high, an increase in 
hurricane intensity will further affect low'-lying 
coastal ecosystems and coastal communi- 
ties along the Gulf and South Atlantic coastal 
margin. An increase in intensity is very likely 
to increase inland and coastal flooding, coastal 
erosion rates, wind damage to coastal forests, 
and wetland loss. Major hurricanes also pose 
a severe risk to people, personal property, and 
public infrastructure in the Southeast, and this 
risk is likely to be exacerbated.*^^-^'^' Hurricanes 
have their greatest impact at the coastal mar- 
gin where they make landfall, causing storm 
surge, severe beach erosion, inland flooding, 
and wind-related casualties for both cultural 
and natural resources. Some of these impacts 
extend farther inland, affecting larger areas. 
Recent examples of societal vulnerability to 
severe hurricanes include Katrina and Rita in 
2005, which were responsible for the loss of 
more than 1,800 lives and the net loss of 217 
square miles of low-iying coastal marshes and 
barrier islands in southern Louisiana.^'^-^'^ 



Ecoiogicai thresholds are expected to be crossed 
throughout the region, causing major disruptions 
to ecosystems and to the benefits they provide 
to people. 

Ecological systems provide numerous important services 
that have high economic and cultural value in the Southeast. 
Ecoiogicai effects cascade among both living and physical 
systems, as illustrated in the following examples of ecologi- 
cal disturbances that result in abrupt responses, as opposed to 
gradual and proportional responses to warming: 

• The sudden loss of coastal landforms that serve as a storm- 
surge barrier for natural resources and as a homeland for 
coastal communities (such as in a major hurricane). 

• An increase in sea level can have no apparent effect until 
an elevation is reached that allows widespread, rapid salt- 
water intrusion into coastal forests and freshwater aqui- 
fers.^®* 

• Lower soil moisture and higher temperatures leading to in- 
tense wildfires or pest outbreaks (such as the southern pine 
beetle) in southeastern forests;^®® intense droughts leading 
to the drying of lakes, ponds, and wetlands; and the local 
or global extinction of riparian and aquatic species.'^’ 



Rooding damage in Louisiana due to Hurricane Katrina 
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• A precipitous decline of wetland-dependent population of Florida more than doubled during 

coastal fish and shellfish populations due to the the past three decades, and growth rates in most 

rapid loss of coastal marsh.^** other southeastern states were in the range of 45 to 

75 percent (see population map, page 55). Future 
population growth and the quality of life for exist- 

Quaiity of life will be affected by ing residents is likely to be affected by the many 

increasing heat stress, water scarcity, challenges associated with climate change, such as 

severe weather events, and reduced reduced insurance availability, increased insurance 

availability of insurance for cost, and increases in water scarcity, sea-level rise, 

at-risk properties, extreme weather events, and heat stress. Some of 

these problems, such as increasing heat and declin- 

Over the past century, the southeastern “sunbelt'’ ing air quality, will be especially acute in cities, 

has attracted people, industry, and investment. The 
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The Midwest’s climate is shaped by the presence of the 
Great Lakes and the region’s location in the middle of the 
North American continent. This location, far from the 
temperature-moderating effects of the oceans, contributes 
to large seasonal swings in air temperature from hot humid 
summers to cold winters. In recent decades, a noticeable in- 
crease in average temperatures in the Midwest has been ob- 
served, despite the strong year-to-year variations. The largest 
increase has been measured in winter, extending the length 
of the frost-free or grow ing season by more than one week, 
mainly due to earlier dates for the last spring frost. Heavy 
downpours are now twice as frequent as they were a century 
ago. Both summer and winter precipitation have been above 
average for the last three decades, the w'ettest period In a 
century. The Midw'est has experienced two record-breaking 
floods in the past 13 years.^'^ There has also been a decrease 
in lake ice, including on the Great Lakes. Since the 1980s, 
large heat waves have been more frequent in the Midwest 
than any time in the last century, other than the Dust Bowl 
years of the 
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During the summer, public health and quality 
of life, especially in cities, will be negatively 
affected by increasing heat waves, reduced air 
quality, and insect and waterborne diseases. In 
the winter, warming will have mixed impacts. 

Heat waves that are more frequent, more severe, and longer 
lasting are projected. The frequency of hot days and the 
length of the heat-wave season both will be more than twice 
as great under the higher emissions scenario'” compared to 
the lower emissions scenario.”'-”’'*'^-^”’*”' Events such as 
the Chicago heat wave of 1995, which resulted in over 700 
deaths, will become more common. Under the lower emis- 
sions scenario,®' such a heat wave is projected to occur every 
other year in Chicago by the end of the century, while under 
the higher emissions scenario,®' there would be about three 
such heat waves per year. Even more severe heat waves, such 
as the one that claimed tens of thousands of lives in Europe in 
more frequent in a warmer world, occurring as often as every 
end of this century under the higher emissions scenario.®''^"-^^ 
reduced by better preparation for such events.^** 
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2003, are projected to become 
other year in the Midwest by the 
Some health impacts can be 
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During heat waves, high electricity demand combines with 
climate-related limitations on energy production capabili- 
ties (see Energy Supply and Use sector), increasing the like- 
lihood of electricity shortages and resulting in brownouts or 
even blackouts. This combination can leave people without 
air conditioning and ventilation when they need it most, as 
occurred during the 1995 Chicago/Milw'aukee heat wave, in 
general, electricity demand for air conditioning is projected 
to significantly increase in summer. Improved energy plan- 
ning could reduce electricity disruptions. 

The urban heat island effect can further add to high local 
daytime and nighttime temperatures (see Human Health 
sector). Heat waves take a greater toll in illness and death 
when there is little relief from the heat at night. 

Another health-related issue arises from the fact that 
climate change can affect air quality. A warmer climate 
generally means more ground-level ozone (a component of 
smog), which can cause respiratory problems, especially for 
those who are young, old, or have asthma or allergies. Un- 
less the emissions of pollutants that lead to ozone formation 
are reduced significantly, there will be more ground-level 
ozone as a result of the projected climate changes in the 
Midwest due to increased air temperatures, more stagnant 
air. and increased emissions from vegetation. 


iNumber of 1995-iike Chicago Heat Waves 
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Over the last three decades of this century, heat waves 
: tiketheonethacoccurredinChTcagoin I99S are projected 
. to occtir about once every three years under the lower 
emissions.aCehartd,*'- Under the even higher eni'ssiops 
scenario, juch eyents are projected to occur .in average of 
nearly ehreetimcs a yeafv iR-chi; analysis, heatwaves were 
d^nedasatWst one v^ek ^ daily maximum temperatures 
greater than 90*7 and ntghWme tmotmum temperatures 
greater than TO*F, with at two consecutive days 
witbdaily temperatures greater than lO0*f and mgbojme 
k temperatures greater than 80‘’E 


In.secls such as ticks and mosquitoes that carry diseases will survive winters more easily and produce larger 
populations in a warmer Midwest.^®^ '^--^®^ One potential risk is an increasing incidence of diseases such as West Nile 
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virus. Waterborne diseases wilt present an increas- 
ing risk to public health because many pathogens 
thrive in warmer conditions.*'*-’ 

In winter, oil and gas demand for heating will 
decline. Warming will also decrease the number of 
days with snow on the ground, which is expected 
to improve traffic safety.’-’ On the other hand, 
warming will decrease outdoor winter recreational 
opportunities such as skiing, snowmobiling, ice 
skating, and ice fishing. 

Significant reductions in Great Lakes 
water levels, which are projected under 
higher emissions scenarios, lead to 
impacts on shipping, infrastructure, 
beaches, and ecosystems. 

The Great Lakes are a natural resource of tre- 
mendous significance, containing 20 percent of 
the planet’s fresh surface water and serving as the 
dominant feature of the industrial heartland of the 
nation. Higher temperatures will mean more evapo- 
ration and hence a likely reduction in the Great 
Lakes water levels, Reduced lake ice increases 


Observed Changes in Gr^at Cuv'** 
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evaporation in winter, contributing to the decline. 
Under a lower emissions scenario.’' water levels 
in the Great Lakes are projected to fall no more 
than I foot by the end of the century, but under a 
higher emissions scenario,”' they are projected to 
fall between 1 and 2 feetT*’ The greater the tem- 
perature rise, the higher the likelihood 
of a larger decrease in lake levels.'"^ 
Even a decrease of I foot, combined 
with normal fluctuations, can result in 
significant lengthening of the distance 
to the lakcshore in many places. There 
are also potential impacts on beaches, 
coastal ecosystems, dredging require- 
ments, infrastructure, and shipping. 
For example, lower lake levels reduce 
“draft,” or the distance between the 
waterline and the bottom of a ship, 
which lessens a ship’s ability to carry 
freight. Large ves.sels, sized for pas- 
sage through the St. Lawrence Sea- 
way. lose up to 240 tons of capacity 
for each inch of draft 
These impacts will have costs, includ- 
ing increased shipping, repair and 
maintenance costs, and lost recreation 
and tourism dollars. 


Projected ChangesMn Great Lakes'! 

under Higher Emissions sWiano^J 
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Lower Water Levels in the Great Lakes 


The likely Increase in precipitation 
in winter and spring, more heavy 
downpours, and greater evaporation 
in summer would lead to more 
periods of both floods and 
water deficits. 


PotenttsI impacts 


Sectors Affected 
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Precipitation is projected to increase in win- 
ter and spring, and to become more intense 
throughout the year. This pattern is expected 
to lead to more frequent flooding, increasing 
infrastructure damage, and impacts on human 
health. Such heavy downpours can overload 
drainage systems and water treatment facili- 
ties, increasing the risk of waterborne diseases. 
Such an incident occurred in Milwaukee in 
1993 when the water supply was contaminated 
with the parasite Cryptosporidium, causing 
403,000 reported cases of gastrointestinal ill- 
ness and 54 deaths.-’^ 
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Less water available for 
irrigaUon and farm 
operations 


In Chicago, rainfall of more than 2.5 inches 
per day is an approximate threshold beyond 
which combined water and sewer .systems 
overflow into Lake Michigan (such events 
occurred 2.5 times per decade from 1961 to 
1990). This generally results in beach closures 
to reduce the risk of disease tran.smission. 
Rainfall above this threshold is projected to 
occur twice as often by the end of this century 
under the lower emissions scenario’' and three 
times as often under the higher emissions 
scenario.’' -*’'^^ Similar increases are ex- 
: pected across the Midwest. 
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More intense rainfall can lead to floods 
that cause significant impacts regionally 
and even nationally. For example, the Great 
Flood of 1993 caused catastrophic flood- 
ing along 500 miles of the Mississippi and 
Missouri river systems, affecting one- 
quarter of all U.S. freight (see Transporta- 
tion sector).^*-'*"''^'^ Another example was a 
record-breaking 24-hour rainstorm in July 
1996, which resulted in flash flooding in 
Chicago and its suburbs, causing extensive 
damage and disruptions, with some com- 
muters not being able to reach Chicago for 
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The Great Flood of 1993 caused flooding along 500 miles of the Mississippi 
and Missouri river systems. The photo shows the flood’s effects on U.S. 
Highway 54, just north of Jefferson City. Missouri. 
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three days (see Tramporiation sector).’-- There 
was also a record-breaking storm in August 2007. 
Increases in such events are likely to cause greater 
property damage, higher insurance rates, a heavier 
burden on emergency management, increased 
clean-up and rebuilding costs, and a growing finan- 
cial toll on businesses, homeowners, and insurers. 

In the summer, with increasing evaporation rates 
and longer periods between rainfalls, the likelihood 
of drought w'ill increase and water levels in rivers, 
streams, and wetlands are likely to decline. Lower 
water levels also could create problems for river 
traffic, reminiscent of the stranding of more thaii 
4,000 barges on the Mississippi River during the 
1988 drought. Reduced summer water levels are 
also likely to reduce the recharge of groundwater, 
cause small streams to dry up (reducing native fish 
populations), and reduce the area of wetlands in 
the Midwest. 


While the longer growing season 
provides the potential for increased crop 
yields, increases in heat waves, floods, 
droughts, insects, and weeds will present 
increasing challenges to managing crops, 
livestock, and forests. 

The projected increase in winter and spring precipi- 
tation and flooding is likely to delay planting and 
crop establishment. Longer growing seasons and 
increased carbon dioxide have positive effects on 
some crop yields, but this is likely to be counterbal- 
anced in part by the negative effects of additional 
disease-causing pathogens, insect pests, and weeds 
(including invasive weeds).''” Livestock produc- 
tion Is expected to become more co.st!y as higher 
temperatures stress livestock, decreasing productiv- 
ity and increasing costs associated with the needed 
ventilation and cooling equipment.'’^’ 

Plant winter hardiness zones (each zone represents 
a 10®F change in minimum temperature) in the 
Midwest are likely to shift one-half to one full zone 


Observed and Pro/ect^a Changes in Plant Hardne‘^s Zones 
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Plant winter hardiness zones in the Midwest have already changed significantly 
as shown above, and are projected to shift one-haff to one full zone every 30 
years, affecting crop yields and where plant species can grow. By the end of this 
century, plants now associated with the Southeast are tikdy to become established 
throughout the Midwest. In the graphic, each zone represents a I0*F range in the 
lowest temperature of the year, with zone 3 representing -40 to — 30*F and zone 
8 representing 10 to lO^F. 
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about every 30 years. By the end of the century, 
plants now associated with the Southeast are likely 
to become established throughout the Midwest. 

Impacts on forests are likely to be mixed, with the 
positive effects of higher carbon dioxide and nitro- 
gen levels acting as fertilizers potentially negated 
by the negative effects of decreasing air quality.-^^ 

In addition, more frequent droughts, and hence fire 
hazards, and an increase in destructive insect pests, 
such as gypsy moths, hinder plant growth. Insects, 
historically controlled by cold winters, more easily 
survive milder winters and produce larger popu- 
lations in a wanner climate (see Agriculture and 
Ecosystems sectors). 

Native species are very likely to face 
increasing threats from rapidly changing 
climate conditions, pests, diseases, 
and invasive species moving in from 
warmer regions. 

As air temperatures increase, so will water tem- 
peratures. In some lakes, this will lead to an earlier 
and longer period in summer during which mixing 
of the relatively warm surface lake water vvith the 
colder water below is reduced.^ In such cases, this 
stratification can cut off oxygen from bottom layers, 
increasing the risk of oxygen-poor or oxygen-free 
“dead zones” that kill fish and other living things. 

In lakes with contaminated sediment, warmer 
water and low-oxygen conditions can more readily 
mobilize mercury and other persistent pollutants.*** 
In such cases, where these increasing quantities 
of contaminants are taken up in the aquatic food 
chain, there will be additional potential for health 
hazards for species that eat fish from the lakes, 
including people.*** 


Populations of coldwater fish, such as brook trout, 
lake trout, and whitefish, are expected to decline 
dramatically, while populations of coolwater fish 
such as muskie, and warmwater species such as 
smallmouth bass and bluegili, will take their place. 
Aquatic ecosystem disruptions are likely to be 
compounded by invasions by non-native species, 
which tend to thrive under a wide range of environ- 
mental conditions. Native species, adapted to a nar- 
rower range of conditions, are expected to decline. 

All major groups of animals, including birds, 
mammals, amphibians, reptiles, and insects, will 
be affected hy impacts on local populations, and 
by competition from other species moving into the 
Midwest region.^*^ The potential for animals to shift 
their ranges to keep pace wdth the changing climate 
will be inhibited by major urban areas and the pres- 
ence of the Great Lakes. 
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Observed nnd P*oit*ctpd 


The Great Plains is characterized by strong 
seasonal climate variations. Over thousands 
of years, records preserved in tree rings, 
sediments, and sand deposits provide 
evidence of recurring periods of extended 
drought (such as the Dust Bowl of the 1930s) 
alternating with wetter conditions.'”-'”’ 


Today, semi-arid conditions in the western 
Great Plains gradually transition to a moister 
climate in the eastern parts of the region. 

To the north, winter days in North Dakota 
average 25°F, while it is not unusual to have 
a West Texas winter day over 75’F. In West 
Texas, there are between 70 and 100 days per 
year over 90“F, whereas North Dakota has 
only 10 to 20 such days on average. 


The average temperature In the-Great^Ptains-alreads- ha$ incri 
relattvetoa I960sand t970$.ba$eline.: >: < 

are p-ojeeted to.contino*- »c> 

with the I960 to 1979 baseline. <icpendmg <90 fatureeiflisstb 
gases The brackets on the thermometers represent the bk 
projections, chough lower or higher outcomes are possible. ' 


Significant trends in regional climate are 


apparent over the last few decades. Average 


temperatures have increased throughout the region, with the largest changes occurring in winter month.s and 


over the northern states, Relatively cold days are becoming less frequent and relatively hot days more frequent,”'* 


Precipitation has also increased over most of the area.'”-”' 



Temperatures are projecled to continue to increase over 
this century, with larger changes expected under scenarios 
of higher heat-trapping emission.s as compared to lower 
heat-trapping emissions. Summer changes are projected to 
be larger than those in winter in the southern and central 
Great Plains.''** Precipitation is also projected to change, 
particularly in winter and spring. Conditions are anticipated 
to become wetter In the north and drier in the south. 

Projected changes in long-term climate and more frequent 
extreme events such as heat waves, droughts, and heavy 
rainfall will affect many aspects of life in the Great Plains. 
These include the region’s already threatened water 
resources, essential agricultural and ranching activities, 
unique natural and protected areas, and the health and 
prosperity of its inhabitants. 



123 



570 


U.S, Global Change Research Program 


Global Climate Change Impacts in the United States 


Projected Increases in temperature, 
evaporation, and drought frequency add 
to concerns about the region’s declining 
water resources. 

Water is the most important factor affecting activi- 
ties on the Great Plains. Most of the water used 
in the Great Plains comes from the High Plains 
aquifer (sometimes referred to by the name of Us 
largest formation, the Ogallala aquifer), which 
stretches from South Dakota to Texas. The aquifer 
holds both current recharge from precipitation and 
so-called "'ancient'’ water, water trapped by silt and 
soil washed dowm from the Rocky Mountains dur- 
ing the last ice age. 

As population increased in the Great Plains and 
irrigation became widespread, annual water 
withdrawals began to outpace natural recharge.*’" 


Today, an average of 19 billion gallons of 
groundwater are pumped from the aquifer each 
day. This water irrigates 13 million acres of land 
and provides drinking water to over 80 percent 
of the region’s population.’’-' Since 1950. aquifer 
water levels have dropped an average of 13 feet, 
equivalent to a 9 percent decrease in aquifer 
storage. In heavily irrigated parts of Texas, 
Oklahoma, and Kansas, reductions are much larger, 
from 100 feet to over 250 feet. 

Projections of increasing temperatures, faster 
evaporation rates, and more sustained droughts 
brought on by climate change will only add more 
stress to overtaxed water sources.''’'’--^^''’'*'’^^ Current 
water use on the Great Plains is unsustainable, 
as the High Plains aquifer continues to be tapped 
faster than the rate of recharge. 




Groundwatei '//ithdrawals for irrigation Water Level Changes in the High Plains Aquifer 

950 to 2005 


1950 to 2005 
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Agriculture, ranching, and natural 
lands, already under pressure due to an 
increasingly limited water supply, are 
very likely to also be stressed by 
rising temperatures. 

AgricuituraJ, range, and croplands cover more than 
70 percent of the Great Plains, producing wheat, 
hay, corn, barley, cattle, and cotton. Agriculture is 
fundamentally sensitive to climate. Heat and water 
stress from droughts and heat waves can decrease 
yields and wither crops.'*^"-^^' The influence of long- 
term trends in temperature and precipitation can be 
just as great.'*’' 

As temperatures increase over this century, optimal 
zones for growing particular crops will shift. Pests 
that were historically unable to survive in the 
Great Plains' cooler areas are expected to spread 
northward. Milder winters and earlier springs 
also will encourage greater numbers and earlier 
emergence of insects.''*® Rising carbon dioxide 
levels in the atmosphere can increase crop growth, 
but also make some types of weeds grow even 
faster (see Agriculture sector).'*^* 

Projected increases in precipitation are unlikely 
to be sufficient to offset decreasing soil moisture 
and water availability in the Great Plains due to 
rising temperatures and aquifer depletion. In some 
areas, there is not expected to be enough water for 
agriculture to sustain even current usage. 

With limited water supply comes increased 
vulnerability of agriculture to climate change. 
Further stres.ses on water supply for agriculture and 
ranching are likely as the region’s cities continue 
to grow, increasing competition between urban and 
rural users.'*” The largest impacts are expected in 
heavily irrigated areas in the southern Great Plains, 
already plagued by unsustainable water use and 
greater frequency of extreme heat,'^® 

Successful adaptation will require diversification of 
crops and livestock, as well as transitions from ir- 
rigated to rain-fed agriculture.®-”"^^ Producers who 
can adapt to changing climate conditions are likely 
to see their businesses survive; some might even 
thrive. Others, without resources or ability to adapt 
effectively, will lose out. 


Climate chartge is likely to affect native 
plant and animat species by altering key 
habitats such as the wetland ecosystems 
known as prairie potholes or playa lakes. 

Ten percent of the Great Plains is protected lands, 
home to unique ecosystems and wildlife. The 
region is a haven for hunters and anglers, with its 
ample supplies of wild game such as moose, elk, 
and deer; birds such as goose, quail, and duck; and 
fish such as walleye and bass. 

Climate-driven changes are likely to combine 
with other human-induced stresses to further 
increase the vulnerability of natural ecosystems to 
pests, invasive species, and loss of native species. 
Changes in temperature and precipitation affect 
the composition and diversity of native animals 
and plants through altering their breeding patterns, 
water and food supply, and habitat availability.''*® 

In a changing climate, populations of some pests 
such as red fire ants and rodents, better adapted to 
a warmer climate, are projected to increase.®”''*” 
Grassland and plains birds, already besieged by 
habitat fragmentation, could experience significant 
shifts and reductions in their ranges.®” 

Urban sprawl, agriculture, and ranching practices 
already threaten the Great Plains’ distinctive 
wetlands. Many 
of these are home 
to endangered and 
iconic specie.^. 

In particular, 
prairie wetland 
ecosystems provide 
crucial habitat 
for migratory 
waterfowl and 
shorebirds. 


Ongoing shifts in the region’s population 
from rural areas to urban centers 
will interact with a changing climate, 
resulting in a variety of consequences. 

Inhabitants of the Great Plains include a rising 
number of urban dwellers, a long tradition of rural 
communities, and extensive Native American 



Mallard ducks are one of the man^ 
species that inhabit the pia^a lakes, 
also known as prairie potholes. 
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populations. Although farming and ranching remain 
primary uses of the land - taking up much of the 
region’s geographical area - growing cities provide 
housing and jobs for more than tw'o-thirds of the 
population. For everyone on the Great Plains, though, a 
changing climate and a limited water supply are likely 
to challenge their ability to thrive, leading to conflicting 
interests in the allocation of increasingly scarce water 
resources.’'^’^” 


Native American communities 
The Great Plains region is home to 65 Native American 
tribes. Native populations on rural tribal lands have 
limited capacities to respond to climate change.^'^ Marty 
reservations already face severe problems with water 
quantity and quality - problems likely to be exacerbated 
by climate change and other human-induced stresses. 


Rural communities 

As young adults move out of small, rural communities, 
the towns are increasingly populated by a vulnerable 
demographic of very old and very young people, 
placing them more at risk for health issues than 
urban communities. Combined effects of changing 
demographics and climate are likely to make it more 
difficult to supply adequate and efficient public health 
services and educational opportunities to rural areas. 
Climate-driven shifts in optimal crop types and 
increased risk of drought, pests, and extreme events 
will add more economic stress and tension to traditional 
communities.*'’®’'’^’ 



Urban popu/ot/on5 

Although the Great Plains is not yet known for large 
cities, many mid-sized towns throughout the region 


are growing rapidly. One in four of the most rapidly 
growing cities in the nation is located in the Great 
Plains^’*^ (see Society sector). Most of these growing 
centers can be found in the southern parts of the 
region, where water resources are already seriously 
constrained. Urban populations, particularly the young, 
elderly, and economically disadvantaged, may also be 
disproportionately affected by heat. *'’' 

New opportunities 

There is growing recognition that the enormous wind 
power potential of the Great Plains could provide new 
avenues for future employment and land use. Texas 
already produces the most wind power of any state. Wind 
energy production is also prominent in Oklahoma. North 
and South Dakota have rich wind potential.'*^' 

As climate change creates new environmental conditions, 
effective adaptation strategies become increasingly es- 
sential to ecological and socioeconomic survival. A great 
deal of the Great Plains' adaptation potential might be 
realized through agriculture. For example, plant species 
that mature earlier and are more resistant to disease and 
pests are more likely to thrive under warmer conditions. 

Other emerging adaptation strategies include dynamic 
cropping systems and increased crop diversity. In partic- 
ular, mixed cropping-livestock systems maximize avail- 
able resources while minimizing the need for external 
inputs such as irrigation that draws down precious water 
supplies.'*’® In many parts of the region, diverse cropping 
systems and improved water use efficiency will be key to 
sustaining crop and rangeland systems.**'* Reduced water 
supplies might cause some farmers to alter the intensive 
cropping systems currently in use.'®’’*'® 
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Southwest 


The Southwest region stretches from the southern 
Rocky Mountains to the Pacific Coast. Elevations 
range from the lowest in the country to among the 
highest, with climates ranging from the driest to 
some of the wettest. Past climate records based 
on changes in Colorado River flows indicate that 
drought is a frequent feature of the Southwest, with 
some of the longest documented “megadroughts” 
on Earth. Since the 1940s, the region has experi- 
enced its most rapid population and urban growth. 
During this time, there were both unusually wet 
periods (including much of 1980s and 1990s) and 
dry periods (including much of 1950s and 1960s).”'’ 
The prospect of future droughts becoming more 
severe as a result of global warming is a significant 
concern, especially because the Southwest contin- 
ues to lead the nation in population growth. 


River flow.^^-'*®-‘*' Projections .suggest continued 
strong warming, with much larger increases under 
higher emissions scenarios'’' compared to lower 
emissions scenarios. Projected summertime tem- 
perature increases are greater than the annual aver- 
age increases in some parts of the region, and are 
likely to be exacerbated locally by expanding urban 
heat isliutd effects.'*^ Further water cycle changes 
are projected, which, combined with increasing 
temperatures, signal a serious water supply chal- 
lenge in the decades and centuries ahead.” 


Water supplies are projected to become 
increasingly scarce, calling for trade-offs 
among competing uses, and potentially 
leading to conflict. 


Human-induced climate change appears to be well 
underway in the Southwest. Recent warming is 
among the most rapid in the nation, significantly 
more than the global average in some areas. This is 
driving declines in spring snowpack and Colorado 



.Ml. iAiik IMM 


Observed and Projected Temperature Rise' 




Water is, quite literally, the lifeblood of the South- 
west. The largest use of water in the region is 
associated with agriculture, including some of the 
nation’s most important crop-producing areas in 
California. Water is also an important source of 
hydroelectric power, and water is required for the 
large population growth in the region, particu- 
larly that of major cities such as Phoenix and Las 
Vegas. Water also plays a critical role in supporting 
healthy ecosystems across the region, both on land 
and in rivers and lakes. 

Water supplies in some areas of the Southwest are 
already becoming limited, and this trend toward 
scarcity is likely to be a harbinger of future water 
shortages. Groundwater pumping is lower- 
ing water tables, while rising temperatures reduce 
river flows in vital rivers including the Colorado.” 
Limitations imposed on water supply by projected 
temperature increases are likely to be made worse 
by substantial reductions in rain and snowfall in the 
spring months, when precipitation is most needed 
to fill reservoirs to meet summer demand.'^' 

A warmer and drier future means extra care will 
be needed in planning the allocation of water for 
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the coming decades. The Colorado Compact, negotiated in the 1920s, allocated the Colorado River’s water 
among the seven basin states. It was based, however, on unrealistic assumptions about how much w^ater was 
available because the observations of runoff during the early 1900s turned out to be part of the greatest and 
acted Change in Spring Precipitation. 2080-2099 hf -now period of the tot five ce„- 

' ^ lunes.^^- foday, even m normal decades, the 


Lower Emissions 
Scenario*^' 


Higher Emisstons 
Scenario*’ 


During droughts, water designated for agricul- 
ture could provide a temporary back-up sup- 
ply for urban w'ater needs. Similarly, non-re- 
newable groundwater could be tapped during 
especially dry periods. Both of these options, 
however, come at the cost of either current or 
future agricultural production. 


Water is already a subject of contention in 
the Southwest, and climate change - coupled 
with rapid population growth - promises 
to increase the likelihood of water-related 
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conflict. Projected temperature increases, com- 
bined with river-fiow reductions, will increase the 
risk, of water conflicts between sectors, states, and 
even nations. In recent years, negotiations regard- 
ing existing water supplies have taken place among 
the seven states sharing the Colorado River and 
the two slates (New Mexico and Texas) sharing the 
Rio Grande. Mexico and the United States already 
disagree on meeting their treaty allocations of Rio 
Grande and Colorado River water. 

in addition, many water settlements between the 
U.S. Government and Native American tribes have 
yet to be fully worked out. The Southwest is home 
to dozens of Native communities whose status as 
sovereign nations means they hold rights to the 
water for use on their land. However, the amount 
of water actually available to each nation is deter- 
mined through negotiations and litigation. Increas- 
ing water demand in the Southwe.st is driving 
current negotiations and litigation of tribal water 
rights. While several nations have legally settled 
their water rights, many other tribal negotiations 
are either currently underway or pending. Compet- 
ing demands from treaty rights, rapid development, 
and changes in agriculture in the region, exacer- 
bated by years of drought and climate change, have 
the potential to spark significant conflict over an 
already over-allocated and dwindling resource. 


Increasing temperature, drought, 
wildfire, and invasive species will 
accelerate transformation of 
the landscape. 

Climate change already appears to be influenc- 
ing both natural and managed ecosystems of the 
Southwest/”'*^* Future landscape impacts are likely 
to be substantial, threatening biodiversity, pro- 
tected areas, and ranching and agricultural lands. 
These changes are often driven by multiple factors, 
including changes in temperature and drought pat- 
terns, wildfire, invasive species, and pests. 

Conditions observed in recent years can serve as 
indicators for future change. For example, tempera- 
ture increases have made the current drought in 
the region more severe than the natural droughts of 
the last several centuries. As a result, about 4.600 


square miles of pifion-juniper woodland in the Four 
Corners region of the Southwest have experienced 
substantia! die-off of pinon pine trees.*^^ Record 
wildfires are also being driven by rising tempera- 
tures and related reductions in spring snowpack 
and soil moisture.^^ 

How climate change will affect fire in the South- 
west varies according to location, in general, total 
area burned is projected to increase.'*’" How this 
plays out at individual locations, however, depends 
on regional changes in temperature and precipita- 
tion, as well as on whether fire in the area is cur- 
rently limited by fuel availability or by rainfall.'**'^ 
For example, fires in wetter, forested areas are 
expected to increase in frequency, while areas 
where fire is limited by the availability of fine fuels 
experience decreases.'**® Climate changes could 
also create subtle shifts in fire behavior, allowing 
more “runaway fires” - fires that are thought to 
have been brought under control, but then rekin- 
dle.'**' The magnitude of fire damages, in terms of 
economic impacts as well as direct endangerment, 
also increases as urban development increasingly 
impinges on forested areas.**®**' 

Climate-fire dynamics will also be affected by 
changes in the distribution of ecosystems across the 
Southwest. Increasing temperatures and shifting 
precipitation patterns will drive declines in high- 
elevation ecosystems such as alpine forests and 
tundra.*’"**' Under higher emissions scenarios,"' 
high-elevation forests in California, for example, 
are projected to decline by 60 to 90 percent be- 
fore the end of the century.-** *’" At the same time, 
grasslands are projected to expand, another factor 
likely to increase fire risk. 

As temperatures rise, some iconic landscapes of 
the Southwest will be greatly altered as species 
shift their ranges northward and upward to cooler 
diniates, and fires attack unaccustomed ecosys- 
tems which lack natural defenses. The Sonoran 
Desert, for example, famous for the saguaro cactus, 
would look very different if more woody species 
spread northward from Mexico into areas currently 
dominated by succulents (such as cacti) or native 
grasses.*** The desert is already being invaded 
by red brome and buffle grasses that do well in 
high temperatures and are native to Africa and the 
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The map above of percentage changes In county popul^lon- 
between 1970 aitd 2008 shows that the Soudiwest lias^ .. 
experienced very rapid growths recent decades (Indicated ’ 
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Mediterranean. Not only do these noxious weeds 
out-compete some native species in the Sonoran 
Desert, they also fuel hot, cactus-killing fires. With 
these invasive plant species and climate change, 
the Saguaro and Joshua Tree national parks could 
end up with far fewer of their namesake plants.^*^ 

In California, two-thirds of the more than .5,500 na- 
tive plant species are projected to experience range 
reductions up to 80 percent before the end of this 
century under projected warming.**** In their search 
for optimal conditions, some species will move 
uphill, others northward, breaking up present-day 


ecosystems; those species moving southward to 
higher elevations might cut off future migration op- 
tions as temperatures continue to increase. 

The potential for successful plant and animal 
adaptation to coming change is further hampered 
by existing regional threats such as human-caused 
fragmentation of the landscape, invasive species, 
river-flow reductions, and pollution. Given the 
mountainous nature of the Southwest, and the asso- 
ciated impediments to species shifting their ranges, 
climate change likely places other species at risk. 
Some areas have already been identified as possible 
refuges where species at risk could continue to live 
if these areas were preserved for this purpose."*”* 
Other rapidly changing landscapes will require 
major adjustments, not only from plant and animal 
species, but also by the region’s ranchers, foresters, 
and other inhabitants. 


Increased frequency and altered timing 
of flooding will increase risks to people, 
ecosystems, and infrastructure. 

Paradoxically, a warmer atmosphere and an in- 
tensified water cycle are likely to mean not only 
a greater likelihood of drought for the Southwest, 
but also an increased risk of flooding. Winter 
precipitation in Arizona, for example, is already 
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becoming more variable, with a trend toward both 
more frequent extremely dry and extremely wet 
winters."*’- Some water systems rely on smaller 
reservoirs being filled up each year. More frequent 
dry winters suggest an increased risk of these 
systems running short of water. However, a greater 
potential for flooding also means reservoirs cannot 
be tilled to capacity as safely in years where that 
is possible. Flooding also causes reservoirs to fill 
with sediment at a faster rate, thus reducing their 
water-storage capacities. 

On the global and national scales, precipitation 
patterns are already observed to be shifting, with 
more rain falling in heavy dowmpours that can lead 
to flooding. Rapid landscape transformation 
due to vegetation die-off and wildfire as well as 
loss of wetlands along rivers is also likely to reduce 
flood-buffering capacity. Moreover, increased 
flood risk in the Southwest is likely to result from a 
combination of decreased snow cover on the lower 
slopes of high mountains, and an increased fraction 
of winter precipitation falling as rain and therefore 
running off more rapidly.'^* The increase in rain 
on snow events will also result in rapid runoff and 
flooding."*’"* 

The most obvious impact of more frequent flooding 
is a greater risk to human beings and their infra- 
structure. This applies to locations along major riv- 
ers, but also to much broader and highly vulnerable 
areas such as the Sacramento-San Joaquin River 
Delta system. Stretching from the San Francisco 
Bay nearly to the state capital of Sacramento, the 
Sacramento-San Joaquin River Delta and Suisun 
Marsh make up the largest estuary on the West 
Coast of North America. With its rich soils and 
rapid subsidence rates - in some locations as high 
as 2 or more feet per decade - the entire Delta re- 
gion is now below sea level, protected by more than 
a thousand miles of levees and dams."*’^ Projected 
changes in the timing and amount of river flow, 
particularly in winter and spring, is estimated to 
more than double the risk of Delta flooding events 
by mid-century, and result in an eight-fold increase 
before the end of the century.'”'’ Taking into account 
the additional risk of a major seismic event and 
increases in sea level due to climate change over 
this century, the California Bay-Delta Authority 
has concluded that the Delta and Suisun Marsh are 


not sustainable under current practices; efforts are 
underway to identify and implement adaptation 
strategies aimed at reducing these risks.'”'' 

Unique tourism and recreation 
opportunities are likely to suffer. 

Tourism and recreation are important aspects of 
the region’s economy. Increasing temperatures will 
affect important winter activities such as down- 
hill and cross-country skiing, snowshoeing, and 
snowmobiling, which require snow on the ground. 
Projections indiciUe later snow and less snow cov- 
erage in ski resort areas, particularly those at lower 
elevations and in the southern part of the region.’*^ 
Decreases from 40 to almost 90 percent are likely 
in end-of-season snowpack under a higher emis- 
sions scenario'" in counties with major ski resorts 
from New Mexico to California.”’ In addition 
to shorter seasons, earlier wet snow avalanches 
- more than six weeks earlier by the end of this 
century under a higher emissions scenario®’ - could 
force ski areas to shut down affected runs before 
the season would otherwise end.”® Resorts require 
a certain number of days just to break even; cutting 
the season short by even a few weeks, particularly 
if those occur during the lucrative holiday season, 
could easily render a resort unprofitable. 

Even in non-winter months, ecosystem degradation 
will affect the quality of the experience for hikers, 
bikers, birders, and others who enjoy the South- 
west’s natural beauty. Water sports that depend on 
the flows of rivers and sufficient water in lakes and 
reservoirs are already being affected, and much 
larger changes are expected, 

Cities and agriculture face increasing 
risks from a changing climate. 

Resource use in the Southwest is involved in a 
constant three-way tug-of-war among preserving 
natural ecosystems, supplying the needs of rapidly 
expanding urban areas, and protecting the lucrative 
agricultural sector, which, particularly in Califor- 
nia, is largely based on highly temperature- and 
water-sensitive specialty crops. Urban areas are 
also sensitive to tempierature-related impacts on air 
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quality, electricity demand, and the health of 
their inhabitants. 

The magnitude of projected temperature increases 
for the Southwest, particularly when combined 
with urban heat island effects for major cities such 
as Phoenix, Albuquerque, Las Vegas, and many 
California cities, represent significant stresses 
to health, electricity, and water supply in a re- 
gion that already experiences very high summer 
temperatures.-*'^--'*-*'*^® 

If present-day levels of ozone-producing emis- 
sions are maintained, rising temperatures also 
imply declining air quality in urban areas such as 
those in California which already experience some 
of the worst air quality in the nation (see Society 
sector).'*’® Continued rapid population growth is 
expected to exacerbate these concerns. 

With more intense, longer-lasting heat wave events 
projected to occur over this century, demands for 
air conditioning are expected to deplete electricity 
supplies, increasing risks of brownouts and black- 
outs, Electricity supplies will also be affected 
by changes in the timing of river flows and where 
hydroelectric systems have limited storage capacity 
and reservoirs (see sector).'**®-'*®' 

Much of the region’s agriculture will experi- 
ence detrimental impacts in a warmer future. 


particularly specialty crops in California such as 
apricots, almonds, artichokes, figs, kiwis, olives, 
and walnuts.'’*-’**^ These and other specialty crops 
require a minimum number of hours at a chill- 
ing temperature threshold in the winter to become 
dormant and set fruit for the following year.**- 
Accumulated winter chilling hours have already 
decreased across central California and its coastal 
valleys. This trend is projected to continue to the 
point where chilling thresholds for many key crops 
would no longer be met. A steady reduction in vvin- 
ter chilling could have serious economic impacts on 
fruit and nut production in the region. California's 
losses due to future climate change are estimated 
between zero and 40 percent for wine and table 
grapes, almonds, oranges, walnuts, and avocadoes, 
varying significantly by location.*** 

Adaptation strategies for agriculture in Califor- 
nia include more efficient irrigation and shifts 
in cropping patterns, which have the potential to 
help compensate for climate-driven increases in 
water demand for agriculture due to rising tem- 
peratures.'*** The ability to use groundwater and/or 
water designated for agriculture as backup sup- 
plies for urban uses in times of severe drought is 
expected to become more important in the future as 
climate change dries out the Southwest; however, 
these .supplies are at risk of being depleted as urban 
populations .swell (see Water sector). 
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The Northwest’s rapidiy growing population, as 
well as its forests, mountains, rivers, and coastlines, 
are already experiencing human-induced climate 
change and its impacts.^"* Regionally averaged 
temperature rose about 1.5°F over the past cen- 
tury”*^ {with some areas experiencing increases 
up to 4°F) and is projected to increase another 3 
to tO°F during this century/*® Higher emissions 
scenarios would result in warming in the upper end 
of the projected range. Increases in winter precipi- 
tation arid decreases in summer precipitation are 
projected by many climate models/*'’ though these 
projections are less certain than those for tem- 
perature. Impacts related to changes in snowpack, 
streamfiows, sea level, forests, and other important 
aspects of life in the Northwest are already un- 
derway, with more severe impacts expected over 
coming decades in response to continued and more 
rapid warming. 


Declining springtime snowpack leads Co 
reduced summer streamfiows, straining 
water supplies. 

The Northwest is highly dependent on temperature- 
sensitive springtime snowpack to meet growing, 
and often competing, water demands such as mu- 
nicipal and industrial uses, agricultural irrigation, 
hydropower production, navigation, recreation, and 
in-stream flows that protect aquatic ecosystems in- 
cluding threatened and endangered species. Higher 
cool season (October through March) temperatures 
cause more precipitation to fall as rain ratherthan 
.snow and contribute to earlier snowmelt. April 1 
snowpack. a key indicator of natural water storage 
available for the warm season, has already declined 
substantially throughout the region. The average 
decline in the Cascade Mountains, for example, 
was about 25 percent over the past 40 to 70 years, 
with most of this due to the 2.5°F increa.se in cool 
season temperatures over that period.'”*'*** Further 
declines in Northwest snowpack are projected to 
result from additional warming over this century. 


varying with latitude, elevation, and proximity to 
the coast April I snowpack is projected to de- 
cline as much as 40 percent in the Cascades by the 
2040$/*^ Throughout the region, earlier snowmelt 
will cause a reduction in the amount of water avail- 
able during the warm season.®* 


In areas where it snows, a warmer climate means 
major changes in the timing of runo(f: streamflow 
increases in winter and early spring, and then 
decreases in late spring, summer, and fall. This shift 
in streamflow timing has already been observed over 
the past 50 years,-*- with the peak of spring runoft' 
shifting from a few days earlier in some places to as 
much as 25 to 30 days earlier in others.'*^ 


This trend is projected to continue, with runoff 
shifting 20 to 40 days earlier within this centu- 
ry.'*’ Reductions in summer water availability will 
vary with the temperatures experienced in differ- 
ent parts of the region. In relatively warm areas on 
the western slopes of the Cascade Mountains, for 
example, reductions in warm season (April through 
September) runoff of 30 percent or more are pro- 
jected by mid-century, whereas colder areas in the 
Rocky Mountains are expected to see reductions of 
about 10 percent. Areas dominated by rain rather 
than snow arc not expected to see major shifts in the 
timing of runoff.**^ 



Trends in April 1 Snow \/\ater Equivalen' 
1950 to 2004 


Apnt 1 snowpack {a key indicator of natural water storage 
xvaiiable for the warm season) has declined throughout the 
Northwest tn the Cascade Mountains. April 1 snowpack de- 
clined by an average of 25 percent, with some areas expe- 
riencina up to 60 percent declines. On the map. deo-easing 
tb^s are '« red and increasing trends are m blue **' 



135 



582 


U.S. Global Change Research Program 


Global Climate Change impacts in the United States 


Extreme high and low streamflows also are ex- 
pected to change wdth warming. Increasing winter 
rainfall (as opposed to snowfall) is expected to lead 
to more winter flooding in relatively warm water- 
sheds on the west side of the Cascades. The already 
low flows of late summer are projected to decrease 
further due to both earlier snowmelt and increased 
evaporation and water loss from vegetation. Pro- 
jected decreases in summer precipitation would 
exacerbate these effects. Some sensitive watersheds 
are projected to experience both increased flood 
risk in winter and increased drought risk in sum- 
mer due to warming. 


The region’s water supply infrastructure was built 
based on the assumption that most of the water 
needed for summer uses would be stored naturally 
in snowpack. For example, the storage capacity in 
Columbia Basin reservoirs is only 30 percent of the 
annual runoff, and many small urban water sup- 
ply systems on the west side of the Cascades store 
less than 10 percent of their annual Besides 

providing water supply and managing flows tor 
hydropower, the region’s reservoirs are operated for 
flood-protection purposes and. as such, might have 
to release (rather than store) large amounts of run- 
off during the winter and early spring to maintain 
enough space for flood protection. Earlier flows 
would thus place more of the year’s runoff into the 
category of hazard rather than resource. An ad- 
vance in the timing of snowmelt runoff would also 
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increase the length of the summer dry period, with 
important consequences for water supply, ecosys- 
tems, and wildfire management.'” 

One of the largest demands on water resources in 
the region is hydroelectric power production. About 
70 percent of the Northwest’s electricity is provided 
by hydropower, a far greater percentage than in 
any other region. Warmer summers will increase 
electricity demands for air conditioning and refrig- 
eration at the same time of year that lower stream- 
flows will lead to reduced hydropower generation. 
At the same time, water is needed for irrigated agri- 
culture, protecting fish species, reservoir and river 
recreation, and urban uses. Conflict.s between all of 
these water uses are expected to increase, forcing 
complex trade-offs between competing objectives 
(see Energy and Water sectors).'’*^-'*^’ 


Increased insect outbreaks, wildfires, 
and changing species composition in for- 
ests wilt pose challenges for ecosystems 
and the forest products industry. 

Higher summer temperatures and earlier spring 
snowmelt are expected to increase the risk of forest 
fires in the Northwest by increasing summer mois- 
ture deficits; this pattern has already been observed 
in recent decades. Drought stress and higher tem- 
peratures will decrease tree growth in most low- 
and mid-elevation forests. They will also increase 
the frequency and intensity of mountain pine beetle 
and other insect attacks.^^’ further increasing fire 
risk and reducing limber production, an important 
part of the regional economy. The mountain pine 
beetle outbreak in British Columbia has destroyed 
33 million acres of trees so far, about 40 percent of 
the marketable pine trees in the province. By 2018, 
it is projected that the infestation will have run 
its course and over 78 percent of the mature pines 
will have been killed; this will affect more than 
one-third of the total area of British Columbia’s 
forests'*'^^ (see Ecosystems sector). Forest and lire 
management practices are also factors in these in- 
sect outbreaks.”* Idaho’s Sawtooth Mountains are 
also now threatened by pine beetle infestation. 

In the short term, high elevation forests on the west 
side of the Cascade Mountains are expected to 
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see increased growth. In the longer term, forest 
growth is expected to decrease as summertime 
soil moisture deficits limit forest productivity, 
with iow-eievation forests experiencing these 
changes first. The extent and species composi- 
tion of forests are also expected to change as tree 
species respond to climate change. There is also 
the potential for extinction of local populations 
and loss of biological diversity if environmental 
changes outpace species’ ability to shift their 
ranges and form successful new ecosystems. 

Agriculture, especially production of tree fruit 
such as apples, is also an important part of the 
regional economy. Decreasing irrigation supplies, 
increasing pests and disease, and increased com- 
petition from weeds are likely to have negative 
effects on agricultural production. 


Salmon and other coldwater species 
will experience additional stresses as a 
result of rising water temperatures and 
declining summer streamflows. 

Northwest salmon populations are at historically 
low levels due to stresses imposed by a variety of 
human activities including dam building, logging, 
pollution, and over-fishing. Climate change affects 
salmon throughout their life stages and poses an 
additional stress. As more winter precipitation falls 
as rain rather than snow, higher winter stream- 
flows scour streambeds, damaging spawning nests 
and washing away incubating eggs. Earlier peak 
streamflows flush young salmon from rivers to 
estuaries before they are physically mature enough 
for the transition, increasing a variety of stresses 
including the risk of being eaten by predators. 
Lower summer streamflows and warmer water 
temperatures create less favorable summer stream 
conditions for salmon and other coldwater fish 
species in many parts of the Northwest. In addition, 
diseases and parasites that infect .salmon tend to 
flourish in warmer water. Climate change also im- 
pacts the ocean environment, where salmon spend 
several years of their lives. Historically, warm 
periods in the coastal ocean have coincided with 
relatively low abundances of salmon, while cooler 
ocean periods have coincided with relatively high 
salmon numbers.^®- 


Regional Climate Impacts: Northwest 



Most wild Pacific salmon populations are extinct 
or imperiled in 56 percent of their historical range 
in the Northwest and California.'*'’^’ and populations 
are down more than 90 percent in the Columbia 
River system. Many species are listed as either 
threatened or endangered under the Federal En- 
dangered Species Act. Studies suggest that about 
one-third of the current habitat for the Northwest’s 
salmon and other coldwater fish will no longer be 
suitable for them by the end of this century as key 
temperature thresholds are exceeded. Because cli- 
mate change impacts on their habitat are projected 
to be negative, climate change is expected to ham- 
per efforts to restore depleted salmon populations. 


Sea-level rise along vulnerable coastlines 
will result in increased erosion and the 
loss of land. 


Climate change is projected to exacerbate many 
of the stresses and hazards currently facing the 
coastal zone. Sea-level rise will increase erosion of 
the Northwest coast and cause the loss of beaches 
and significant coastal land areas. Among the most 
vulnerable parts of the coast is the heavily popu- 
lated south Puget Sound region, which includes 
the cities of Olympia, Tacoma, and Seattle, Wash- 
ington. Some climate models project changes in 
atmospheric pressure patterns that suggest a more 
southwesterly direction of future winter winds. 
Combined with higher sea levels, this would accel- 
erate co£»stal erosion all along the Pacific Coast. 
Sea-level rise in the Northwest (as elsewhere) is 
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determined by global rates of 
sea-Ievel rise, changes in coastal 
elevation associated with local 
vertical movement of the land, 
and atmospheric circulation 
patterns that influence wind- 
driven ‘'piie-up” of water along 
the coast, A mid-range estimate 
of relative sea-level rise for the 
Puget Sound basin is about 13 
inches by 2100. However, higher 
levels of up to 50 inches by 
2100 in more rapidly subsiding 
(sinking) portions of the basin 
are also possible given the large 
uncertainties about accelerating 
rates of ice melt from Greenland 
and Antarctica in recent years 
(see Global and National Cli- 
mate Change sections).^^ 

An additional concern is landslides on coastal bluffs. The projected heavier winter rainfall suggests an 
increase in saturated soils and, therefore, an increased number of landslides. Increased frequency and/ 
or severity of landslides is expected to be especially problematic in areas where there has been Intensive 
development on unstable slopes. Within Puget Sound, the cycle of beach erosion and bluff landslides will be 
exacerbated by sea-ievel rise, increasing beach erosion, and decreasing slope stability. 




Sirvrrrvvu * . Cu|H‘ » > P* Ci'f-n 'jir> 


“ ‘■p+B..- T — 1 - 





585 



Alaska 


Over the past 50 years, Alaska has warmed at 
more than twice the rate of the rest of the United 
States’ average. Its annual average temperature 
has increased 3.4'’F, while winters have warmed 
even more, by 6.3°F.^'” As a result, climate change 
impacts are much more pronounced than in other 
regions of the United States. The higher tempera- 
tures are already contributing to earlier spring 
snowmelt, reduced sea ice, widespread glacier 
retreat, and permafrost wanning.*^-^' These ob- 
served changes are consistent with climate model 
projections of greater warming over Alaska, 
especially in winter, as compared to the rest of 
the country. 

Climate models also project increases in pre- 
cipitation over Alaska. Simultaneous increases 
in evaporation due to higher air temperatures, 
however, are expected to lead to drier condi- 
tions overall, with reduced soil moisture.'” In the 
future, therefore, model projections suggest a 
longer summer growing season combined with an 
increased likelihood of summer drought 
and wildfires. 
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Average annual temperatures in Alaska are 
projected to rise about 3.5 to 7°F by the middle 
of this century. How much temperatures rise later 
in the century depends strongly on global emis- 
sions choices, with increases of 5 to 8®F projected 
with low'er emissions, and increases of 8 to i3®F 
with higher emissions.®' Higher temperatures 
are expected to continue to reduce Arctic sea ice 
coverage. Reduced sea ice provides opportunities 
for increased shipping and resource extraction. At 
the same time, it increases coastal erosion^^ and 
flooding associated with coastal storms. Reduced 
sea ice also afters the timing and location of 
plankton blooms, which is expected to drive major 
shifts of marine species such as pollock and other 
commercial fish stocks.'-’ 
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Longer summers and higher 
temperatures are causing drier 
conditions, even in the absence of 
strong trends in precipitation. 

Between 1970 and 2000, the snow-free season 
increased by approximately 10 days across 
Alaska, primarily due to earlier snowmelt in the 
spring.^°^ A longer growing season has potential 
economic benellts, providing a longer period of 
outdoor and commercial activity such as tourism. 
However, there are also downsides. For example, 
white spruce forests in Alaska’s interior are expe- 
riencing declining growth due to drought stress’®* 
and continued warming could lead to widespread 
death of trees.*®* The decreased soil moisture in 
Alaska also suggests that agriculture in Alaska 
might not benefit from the longer growing season. 


Global CitmaCe Change impacts in the United States 

Insect outbreaks and wildfires are 
increasing with warming. 

Climate plays a key role in determining the extent 
and severity of insect outbreaks and wildfires. 
During the 1990s, for example, south-central 
Alaska experienced the largest outbreak of spruce 
beetles in the world. -'*’•**’ This outbreak occurred 
because rising temperatures allowed the spruce 
beetle to survive over the winter and to complete its 
life cycle in just one year instead of the normal two 
years. Healthy trees ordinarily defend themselves 
by pushing back against burrowing beetles with 
their pitch. From 1989 to 1997, however, the region 
experienced an extended drought, leaving the trees 
too stressed to fight off the infestation. 




Alaska Spiiice Beetle Infestation 
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Prior to 1990, the spruce budworm was not able to 
reproduce in interior Aiaska.^“ Hotter, drier sum- 
mers. however, now mean that the forests there are 
threatened by an outbreak of spruce biidworms,’'’’ 
This trend is expected to increase in the future 
if summers in Alaska become hotter and drier.^ 
Large areas of dead trees, such as those left behind 
by pest infestations, are highly flammable and thus 
much more vulnerable to wildfire than living trees. 

The area burned in North America’s northern forest 
that spans Alaska and Canada tripled from the 
1960s to the 1990s. Two of the three most exten- 
sive wildfire seasons in Alaska’s 56-year record 
occurred in 2004 and 2005, and half of the most 
severe fire years on record have occurred since 
1990.^'" Under changing climate conditions, the av- 
erage area burned per year in Alaska is projected to 
double by the middle of this century.^’ By the end 
of this century, area burned by fire is projected to 
triple under a moderate greenhou.se gas emissions 
scenario and to quadruple under a higher emissions 
scenario.’' Such increases in area burned would 
result in numerous impacts, including hazardous 
air quality conditions such as those suffered by 
residents of Fairbanks during the summers of 2004 
and 2005, as well as increased risks to rural Native 
Alaskan communities because of reduced avail- 
ability of the fish and game that make up their diet. 
This would cause them to adopt a more “Western” 
diet,^" known to be associated with increased risk 
of cancers, diabetes, and cardiovascular disease.*'^ 


also important to Native peoples who hunt and fish 
for their food in interior Alaska. Many villages 
are located adjacent to wetlands that support an 
abundance of wildlife resources. The sustainability 
of these traditional lifestyles is thus threatened by a 
loss of wetlands. 


Thawing permafrost damages roads, 
runways, water and sewer systems, and 
other infrastructure. 


Lakes are declining in area. 

Across the southern two-thirds of Alaska, the 
area of closed-basin lakes (lakes without stream 
inputs and outputs) has decreased over the past 50 
years. This is likely due to the greater evapora- 
tion and thawing of permafrost that result from 
warming.^'-’’^''' A continued decline in the area of 
surface water would present challenges for the 
management of natural resources and ecosystems 
on National Wildlife Refuges in Alaska. These 
refuges, which cover over 77 million acres (2! per- 
cent of Alaska) and comprise 81 percent of the U.S. 
National Wildlife Refuge System, provide breeding 
habitat for million.s of waterfowl and shorebirds 
that winter in the lower 48 states. Wetlands are 


Permafrost temperatures have increased throughout 
Alaska since the late 1970s.'^’ The largest increases 
have been measured in the northern part of the 
state.^'* While permafrost in interior Alaska so far 
has experienced less warming than permafrost in 
northern Alaska, it is more vulnerable to thawing 
during this century because it is generally just 
below the freezing point, while permafrost in 
northern Alaska is colder. 

Land subsidence (sinking) associated with the 
thawing of permafrost presents substantial chal- 
lenges to engineers attempting to preserve infra- 
structure in Alaska.®'* Public infrastructure at risk 
for damage includes roads, runways, and water 
and sewer systems. It is estimated that thawing 
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permafrost would add between $3.6 billion and $6.1 billion {10 to 
20 percent) to future costs for publicly owned infrastructure by 
2030 and between $5.6 billion and $7.6 billion (10 to 12 percent) 
by 2080.^° Analyses of the additional costs of permafrost thaw- 
ing to private property have not yet been conducted. 

Thawing ground also has implications for oil and gas drilling. As 
one example, the number of days per year in which travel on the 
tundra is allowed under Alaska Department of Natural Re- 
sources standards has dropped from more than 200 to about 100 
days in the past 30 years. This results in a 50 percent reduction 
in days that oil and gas exploration and extraction equipment can 
be used.-® *"*^ 

Thawing permafrost can push natural ecosystems across thresh- 
olds. Some forests in Alaska are literally toppling over as the 
permafrost beneath them thaws, undermining the 
Changing Permafrost Distribution ‘ root systems oftrees (see photo next page). 

Moderate Warming Scenano ^ 




Coastal storms increase risks to villages 
and Tishing fleets. 

Alaska has more coastline than the other 49 states 
combined. Frequent storms in the Gulf of Alaska 
and the Bering, Chukchi, and Beaufort Seas already 
affect the coasts during much of the year. Alaska’s 
coastlines, many of which are low in elevation, are 
increasingly threatened by a combination of the loss 
of their protective sea ice buffer, increasing storm 
activity, and thawing coastal permafrost. 

Increasing storm activity in autumn in recent 
years^® has delayed or prevented barge operations 
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nently frozen, has thawed, Forests tike this are named 
"drunken forests.” 


that supply coastal communities with fuel. 

Commercial fishing fleets and other marine 

traffic are also strongly affected by Bering Sea storms. High-wind events have become more frequent along 
the western and northern coasts. The same regions are experiencing increasingly long sea-ice-free seasons and 
hence longer periods during which coastal areas are especially vulnerable to wind and wave damage. Downtown 
.streets in Nome, Alaska, have flooded in recent years. Coastal erosion is causing the shorelines of some areas 
to retreat at average rates of tens of feet per year. The ground beneath several native communities is literally 
crumbling into the .sea, forcing residents to confront difficult and expensive citoices between relocation and 
engineering strategies that require continuing investments despite their uncertain effectiveness (see Society 

sector). The rate of erosion 

^Annual Number of Storrra at Bantw.AI^^ 195O-20O4j 

(fiorthernniost town in 


along Alaska's northeastern 
coastline has doubled over the 
past 50 years.^“ 


Over this century, an increase 
of sea surface temperatures 
and a reduction of ice cover 
are likely to lead to northward 
shifts in the Pacific storm 
track and increased impacts 
on coastal Alaska. 

Climate models project the 
Bering Sea to experience the 
largest decreases in atmo- 
spheric pressure in the North- 
ern Hemisphere, suggesting 
an increase in storm activity 
in the region.^° In addition, the 
longer ice-free season is likely 
to make more heat and mois- 
ture available for storms in the 
Arctic Ocean, increasing their 
frequency and/or intensity. 
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Displacement of marine species will 
affect key fisheries. 

Alaska leads the United States in the value of its 
commercial fishing catch. Most of the nation’s 
salmon, crab, halibut, and herring come from 
Alaska. !n addition, many Native communities 
depend on local harvests of fish, walruses, seals, 
whales, seabirds, and other marine species for 
their food supply. Climate change causes signifi- 
cant alterations in marine ecosystems with impor- 
tant implications for fisheries. Ocean acidification 
associated with a rising carbon dioxide concentra- 
tion represents an additional threat to coldwater 
marine ecosystems-^ {see Ecosystems sector and 
Coasts region). 

One of the most productive areas for Alaska 
fisheries is the northern Bering Sea off Alaska’s 
west coast. The world's largest single fishery is the 
Bering Sea pollock fishery, which has undergone 
major declines in recent years. Over much of the 
past decade, as air and water temperatures rose, 
sea ice in this region declined sharply. Populations 
of fish, seabirds, seals, walruses, and other species 
depend on plankton blooms that are regulated by 


Global Climate Change Impacts in the United States 

the extent and location of the ice edge in spring. As 
the sea ice retreats, the location, timing, and spe- 
cies composition of the plankton blooms changes, 
reducing the amount of food reaching the living 
things on the ocean floor. This radically changes 
the species composition and populations of fish and 
other marine life forms, with significant repercus- 
sions for fisheries^-’ (see Ecosystems sector). 

Over the course of this century, changes already 
observed on the shallow shelf of the northern 
Bering Sea are likely to affect a much broader por- 
tion of the Pacific-influenced sector of the Arctic 
Ocean. As such chaiiges occur, the most productive 
commercial fisheries are likely to become more 
distant from existing fishing ports and processing 
infrastructure, requiring either relocation or greater 
investment In transportation time and fuel costs. 
These changes will also affect the ability of Native 
Peoples to successfully hunt and fish for the food 
they need to survive. Coastal communities are 
already noticing a displacement of walrus and seal 
populations. Bottom-feeding walrus populations 
are threatened when their sea ice platform retreats 
from the shallow coastal feeding grounds on which 
they depend.’^* 




Marine Species Shifting Nofthward 


Snow crab 


Northward 


Halibut 


-4 

Pdlock 




Each bar represents a family of species 


Sou^ward 


Aj air northward, affealng hsherles. ecosystems, and 

coastal€OfmnurH“ti^ :that :dej|*i^:S^ the fo^ soMrce. On average, by 2006. the center of the range for the 
examined speel^mowedtS^nnleS of tfteir 1982 locatfons 
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f Regionat Climate Impacts: isiands 



Climate change presents the Pacific and Caribbean Small islands are considered among the most vul- 
islands with unique challenges. The U.S. affili- nerable to climate change because extreme events 

ated Pacific Islands are home to approximately have major impacts on them. Changes in weather 

1.7 million people in the Hawaiian islarxls; Palau; patterns and the frequency and intensity of extreme 
the Samoan Islands of lutuila. Manua, Rose, and events, sea-level rise, coastal erosion, coral reef 

Swains; and islands in the Micronesian archi- bleaching, ocean acidification, and contamination 

pelago, the Carolines, Marshalls, and Marianas.’” of freshwater resources by salt water are among the 

These include volcanic, continental, and limestone impacts small islands face.”’ 
islands, atolls, and islands of mixed geologies.’” 

The degree to which climate change and variability Islands have experienced rising temperatures and 
will affect each of the roughly 30.000 islands in the sea levels in recent decades. Projections for the rest 
Pacific depends upon a variety of factors. Including of this century suggest: 

the island’s geology, area, height above sea level. 

extent of reef formation, and the size of its freshwa- • Increases in air and ocean surface temperatures 
ter aquifer.”' in both the Pacific and Caribbean;” 

• An overall decrease in rainfall in the Carib- 
in addition to Puerto Rico and the U.S. Virgin bean; and 

islands, there are 40 island nations in the Caribbean • An increased frequency of heavy downpours 
that are home to approximately 38 million people.’” and increased rainfall during summer months 

Population growth, often concentrated in coastal (rather than the normal rainy season in winter 

areas, escalates the vulnerability of both Pacific months) for the Pacific (although the range of 

and Caribbean island communities to the effects of projections regarding rainfall in the Pacific is 

climate change, as do weakened traditional sup- still quite large), 

port systems. Tburism and fisheries, both of which 

are climate-sensitive, play a large economic role in The number of heavy rain events is very likely to 
these communities.’” increase.” Hurricane (typhoon) wind speeds and 

rainfall rates are likely to increase with continued 
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warming.'^* Islands and other low-lying coastal 
areas will be at increased risk from coastal inun- 
dation due to sea-level rise and storm surge, with 
major implications for coastal communities, infra- 
structure. natural habitats, and resources. 


The availability of freshwater is likely to 
be reduced, with significant impHcations 
for island communities, economies, 
and resources. 



Most island communities in the Pacific and the 
Caribbean have limited sources of the freshwater 
needed to support unique ecosystems and biodiver- 
sity, public health, agriculture, and tourism. Con- 
ventional freshwater resources include rainwater 
collection, groundwater, and surface water. For 
drinking and bathing, smaller Pacific islands pri- 
marily rely on individual rainwater catchment sys- 
tems, while groundwater from the freshwater lens 
is used for irrigation. The size of freshwater lenses 
in atolls is influenced by factors such as rates of 
recharge (through precipitation), rates of use. and 
extent of tidal inundation.”' Since rainfall trig- 
gers the formation of the freshwater lens, changes 
in precipitation, such as the significant decreases 
projected for the Caribbean, can significantly affect 
the availability of water. Because tropical storms 
replenish water supplies, potential changes in these 
storms are a great concern. 


Globa! Climate Change Impacts in the United States 

While it might initially be seen as a benefit, in- 
creased rainfall in the Pacific Islands during the 
summer months is likely to result in increased 
flooding, which would reduce drinking water quali- 
ty and crop yieids.”^' In addition, many islands have 
weak distribution systems and old infrastructure, 
which result in significant water leakage, decreas- 
ing their ability to use freshwater efficiently. Water 
pollution (such as from agriculture or sewage), 
exacerbated by storms and floods, can contaminate 
the freshwater supply, affecting public health. Sea- 
level rise also affects island water supplies by caus- 
ing salt water to contaminate the freshwater lens 
and by causing an increased frequency of flooding 
due to storm high tides.”' Finally, a rapidly rising 
population is straining the limited water resources, 
as would an increased incidence and/or intensity of 
storms”'* or periods of prolonged drought, 

Island communities, Infrastructure, and 
ecosystems are vulnerable to coastal 
inundation due to sea-level rise and 
coastal storms. 

Sea-level rise will have enormous effects on many 
Island nations. Flooding will become more frequent 
due to higher storm tides, and coastal land will be 
permanently lost as the sea inundates low- 
lying areas and the shorelines erode, Loss of land 
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will reduce freshwater supplies^’' and affect living 
things in coastal ecosystems. For example, the 
Northwestern Hawaiian Islands, which are tow- 
iying and therefore at great risk from increasing sea 
level, have a high concentration of endangered and 
threatened species, some of which exist nowhere 
else.”^ The loss of nesting and nursing habitat is 
expected to threaten the survival of already vulner- 
able species.”^ 

In addition to gradual sea-ievel rise, extreme high 
water level events can result from a combination 
of coastal processes.-” For example, the harbor 
in Honolulu, Hawaii, experienced the highest 
daily average sea level ever recorded in Septem- 
ber 2003. This resulted from the combination of 
long-term sea-level rise, normal seasonal heating 
(which causes the volume of water to expand and 
thus the level of the sea to rise), seasonal high tide, 
and an ocean circulation event which temporarily 
raised local sea level. The interval between such 
extreme events has decreased from more than 20 
years to approximately 5 years as average sea level 
has risen.”* 

Hurricanes, typhoons, and other storm events, with 
their intense precipitation and storm surge, cause 
major impacts to Pacific and Caribbean island com- 


munities. including loss of life, damage to infrastruc- 
ture and property, and contamination of freshwater 
supplies.”’ As the climate continues to warm, the 
peak wind intensities and near-storm precipitation 
from future tropical cyclones are likely to increase,*'' 
which, combined with sea-level rise, is expected to 
cause higher storm surge levels. If such events occur 
frequently, communities would face challenges in 
recovering between events, resulting in long-term 
deterioration of infrastructure, freshwater and agri- 
cultural resources, and other impacts.”* 
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Global Climate Change Impacts in the United States 


Critical infrastruc- 
ture, including 
homes, airports, and 
roads, tends to be 
located along the 
coast. Flooding re- 
lated to sea-level rise 
and hurricanes and 
typhoons negatively 
affects port facili- 
ties and harbors, and 
causes closures of 
roads, airports, and bridges.*^ Long-term infra- 
structure damage would affect social services such 
as disaster risk management, health care, education, 
management of freshwater resources, and economic 
activity in sectors such as tourism and agriculture. 


and interrupt communications. The availability of 
freshwater is critical to sustaining tourism, but is 
subject to the climate-related impacts described 
on the previous page. Public health concerns about 
diseases would also negatively affect tourism. 

Coral reefs sustain fisheries and tourism, have 
biodiversity value, scientific and educational value, 
and form natural protection against wave erosion.^''" 
For Hawaii alone, net benefits of reefs to the econo- 
my are estimated at $360 million annually, and the 
overall asset value is conservatively estimated to be 
nearly $10 billion. In the Caribbean, coral reefs 
provide annual net benefits from fisheries, tourism, 
and shoreline protection services of between $3.1 
billion and $4.6 billion. The loss of income by 2015 
from degraded reefs is conservatively estimated at 
several hundred million dollars annually.^"^ 



Coastal houses and an airport in the U.S.- 
affiliated Federated States of Micronesia rely 
on mangroves' protection from erosion and 
damage due to rising sea level, waves, storm 
surges, and wind. 



Climate changes affecting coastal and 
marine ecosystems will have major 
implications for tourism and fisheries. 

Marine and coastal ecosystems of the islands are 
particularly vulnerable to the impacts of climate 
change. Sea-levei rise, increasing water tempera- 
tures, rising storm intensity, coastal inundation 
and flooding from extreme events, beach erosion, 
ocean acidification, increased incidences of coral 
disease, and increased invasions by non-native 
species are among the threats that endanger the 
ecosystems that provide safely, sustenance, eco- 
nomic viability, and cultural and traditional values 
to island communities.”^ 

Tourism is a vital part of the economy for many 
islands. In 1999, the Caribbean had tourism-based 
gross earnings of $17 billion, providing 900,000 
jobs and making the Caribbean one of the most 
tourism dependent regions in the world.”* In the 
South Pacific, tourism can contribute as much as 
47 percent of gross domestic product.”*^ In Hawaii, 
tourism generated $12.4 billion for the state in 
2006, with over 7 million visitors."' 

Sea-levei rise can erode beaches, and along with 
increasing water temperatures, can destroy or de- 
grade natural resources such as mangroves and cor- 
al reef ecosystems that attract tourists.^^ Extreme 
weather events can affect transportation systems 


Coral reef ecosystems are particularly susceptible 
to the impacts of climate change, as even small 
increases in water temperature can cause coral 
bleaching,"'* damaging and killing corals. Ocean 
acidification due to a rising carbon dioxide concen- 
tration poses an additional threat (see Ecosyslem~'i 
sector and Coasts region). Coral reef ecosystems 
are also especially vulnerable to invasive species. 
These impacts, combined with changes in the oc- 
currence and intensity of Ei Niflo events, rising sea 
level, and increasing storm damage,^'*'’ will have 
major negative effects on coral reef ecosystems. 

Fisheries feed local people and island economies. 
Almost all communities within the Pacific Islands 
derive over 25 percent of their animal protein from 
fish, with some deriving up to 69 percent."* For 
island fisheries sustained by healthy coral reef and 
marine ecosystems, climate change impacts exacer- 
bate stresses such as overfishing,^* affecting both 
fisheries and tourism that depend on abundant and 
diveree reef fish. The loss of live corals results in 
local extinctions and a reduced number of reef 
fish species."’ 

Nearly 70 percent of the world’s annual tuna har- 
vest, approximately 3.2 million tons, comes from 
the Pacific Ocean."* Climate change is projected to 
cause a decline in tuna stocks and an eastward 
shift in their location, affecting the catch of 
certain countries.-'** 
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Approximately one-third of all Americans live in 
counties immediately bordering the nation’s ocean 
coasts. In addition to accommodating major cities, 
the coasts and the exclusive economic zone extcnd- 
i?ig 200 miles offshore provide enjoyment, recreation, 
seafood, transportation of goods, and energy. Coastal 
and ocean activities contribute more than $1 trillion to 
the nation’s gross domestic product and the ecosystems 
hold rich biodiversity and provide invaluable servic- 
es.^^' However, intense human uses have taken a toll on 
coastal environments and their resources. Many fish 
stocks have been severely diminished by over-fishing, 
large “dead zones" depleted of oxygen have developed 
as a result of pollution by excess nitrogen runoff, toxic 
blooms of algae are increasingly frequent, and coral 
reefs are badly damaged or becoming overgrown with 
algae. About half of the nation’s coa.sta! wetlands have 
been lost - and most of this loss has occurred during 
the past 50 years. 

Globa! climate change imposes additional stresses 
on coastal environments, Rising sea level is already 
eroding shorelines, drowning wetlands, and threaten- 
ing the built environment.^’’^^* The de.structive po- 
tential of Atlantic tropical storms and hurricanes has 
increased since 1970 in a.ssociation with increasing 
Atlantic sea surface temperatures, and it is likely that 
hurricane rainfall and wind speeds will increase in 
response to global warming."^ Coastal water tempera- 
tures have risen by about 2®F in several regions, and 


the geographic distributions of marine species have 
shifted.”“-’^’ Precipitation increases on land have 
increased river runoff, polluting coastal waters with 
more nitrogen and phosphorous, sediments, and other 
contaminants. Furtirermore, increasing acidification 
resulting from the uptake of carbon dioxide by ocean 
waters threatens corals, shellfish, and other living 
things that form their shells and skeletons from cal- 
cium carbonate-’ (see Ecosysiems sector). All of these 
forces converge and interact at the coasts, making 
these areas particularly sensitive to the impacts of 
climate change. 

Significant sea-level rise and storm surge 
will adversely affect coastal cities and 
ecosystems around the nation; low-lying 
and subsiding areas are most vulnerable. 

The rise in sea level relative to the land surface in any 
given location is a function of both the amount of glob- 
al average sea-level rise and the degree to which the 
land is rising or falling. During the past century in the 
United States, relative sea level changes ranged from 
falling several inches to rising as much as 2 feet.^^* 
High rates of relative sea-Ievei rise, coupled with cut- 
ting off the supply of sediments from the Mississippi 
River and other human alterations, have resulted in the 
loss of 1.900 square miles of Louisiana’s coastal wet- 
lands during the past century, weakening their capacity 
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Global Climate Change Impacts in the United States 



Projected Sea-Level Rise 
by 2100 

3-5 f 


A “ghost swamp” in south Louisiana 
shows the effects of saltwater intrusion. 


!PCC2007«ten8S, 


Rahmstorf'^ 


Estimates of sea-level rise by the end 
of the century (or three emissions - ■ 
scenarlos.*k4oterfov«rr»m6ntal Panel 
Oft Climate Oianfe 2007 projections^ 
’ (range shevim as bars) exclude chants ^ 
, in ice she«t flow.’* Light blue circles , 
rapresentmore recent 
derived ushig the observwl reUdonsh^^ 
of sea*l««etrisetoMmperatore;l^^- Areas iis 
where coastal land Is shitdt^g.forexan^ 
by as much as 1.5 feet in this cen^Hy 
alongfuartions i^dte Gulf Coasts would, 
experience thatmuehaddittonal sea-level ^ 
rise relative to the land.'* 


to absorb the storm surge of hurricanes 
such as Katrina. Shoreline retreat is 
occurring along most of the nation's 
exposed shores. 

The amount of sea-level rise likely to 
be experienced during this century 
depends mainly on the expansion of 
the ocean volume due to warming and 
the response of glaciers and polar ice 

sheets. Complex processes control the discharges from polar ice sheets and 
some are already producing substantia! additions of water to the ocean. 
Because these processes are not well understood, it is difficult to predict 
their future contributions to sea-level rise.™'^” 

As discussed in the Global Climate Change section, recent estimates of 
global sea-leve! rise substantially exceed the IPCC estimates, suggesting 
sea-level rise between 3 and 4 feet in this century. Even a 2-foot rise in 
relative sea level over a century would result in the loss of a large portion 
of the nation’s remaining coastal wetlands, as they are not able to build new 
soil at a fast enough rate.'** Accelerated sea-level rise would affect sea- 
grasses, coral reefs, and other important habitats. It would also fragment 
barrier islands, and place into jeopardy existing homes, businesses, and 
infrastructure, including roads, ports, and water and .sewage systems. Por- 
tions of major cities, including Boston and New York, would be subject to 
inundation by ocean water 
during storm surges or even 
during regular high tides.-” 


More spring runoff and warmer coastal waters 
will Increase the seasonal reduction in oxygen 
resulting from excess nitrogen from agriculture. 

Coastal dead zones in places such as the northern Gulf of 
Mexico”* and the Chesapeake Bay”’ are likely to increase 
in size and intensity as warming increases unless efforts 
to control runoff of agricultural fertilizers are redoubled. 
Greater spring runoff into East Coast estuaries and the Gulf 
of Mexico would flush more nitrogen Into coastal waters 
stimulating harmful blooms of algae and the excess produc- 
tion of microscopic plants that settle near the seafloor and 
deplete oxygen supplies as they decompose. In addition, all 
else being equal, greater runoff reduces salinity, which when 
coupled with warmer surface water increases the difference 
in density between surface and bottom waters, thus pre- 
venting the replacement of oxygen in the deeper waters. As 
dissolved oxygen levels decline below a certain level, living 
things cannot survive. They leave the area if they can, and die 
if they cannot. 



Climate change is likely to expand and mtensdy 
"dead zones," areas where bottom water ,s de- 
pleted of dissolved oxygen because of nttrcgen 
pollution, threatening living things. 
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Coastal waters are very likely to continue to warm by 
as much 4 to 8°F in this century, both in summer and 
winter.-^* This w'ill result in a northward shift in the 
geographic distribution of marine life along the coasts; 
this is already being observed.™-”’ The shift occurs 
because some species cannot tolerate the higher tem- 
peratures and others are out-competed by species from 
farther south moving in.’™ Warming also opens the door 
to invasion by species that humans are intentionally or 
unintentionally transporting around the world, forex- 
ample in the ballast water carried by ships. Species that 
were previously unable to establish populations because 
of cold winters are likely to find the warmer conditions 
more welcoming and gain a foothold, particularly 
as native species are under stress from climate change 
and other human activities. Non-native clams and small 
crustaceans have already had major effects on the San 
Francisco Bay ecosystem and the health of its fishery 
resources.*^'’ 


likely to continue to affect the ability of living things 
to create and maintain shells or skeletons of calcium 
carbonate. This is because at a lower pH less of the dis- 
solved carbon is available as carbonate ions {see Global 
Climate Change)?^-^ 

Ocean acidification will affect living things including 
important plankton species in the open ocean, moliusks 
and other shellfish, and corals.’’ ™ ™ ’*” The effects on 
reef-building corals are li kely to be particularly severe 
during this century. Coral calcification rates are likely 
to decline by more than 30 percent under a doubling of 
atmospheric carbon dioxide concentrations, w ith erosion 
outpacing reef formation at even lower concentrations.™ 
In addition, the reduction in pH also affects photosyn- 
thesis, growth, and reproduction. The upweliing of 
deeper ocean water, deficient in carbonate, and thus 
potentially detrimental to the food chains supporting 
juvenile salmon has recently been observed along the 
U.S. West Coast.’*” 


Higher water temperatures and ocean 
acidification due to increasing atmospheric 
carbon dioxide will present major additional 


Acidification imposes yet another stress on reef-building 
corals, which are also subject to bleaching - the expul- 
sion of the microscopic algae that live inside the corals 


stresses to coral 
reefs, resulting 
in significant die- 
offs and limited 
recovery. 

In addition to carbon 
dioxide’s heat-trapping 
effect, the increase in 
its concentration in the 
atmosphere is gradually 
acidifying the ocean. 
About one-third of the 
carbon dioxide emitted 
by human activities has 
been absorbed by the 
ocean, resulting in a de- 
crease in the ocean’s pH. 
Since the beginning of 
the industrial era, ocean 
pH has declined demon- 
strably and is projected 
to decline much more by 
2100 if current emissions 
trends continue. Further 
declines in pH are very 



Recent (2000) 
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Calcium Carbonate Saturation In Ocean Surface Waters 


Corals require the n|ht combiaation of tempera- . 

tore, fi|ht, and the presence of calcium carbon- 
' ate (which they use to build their skeletons). As « 

atmospheric carbon dioxide levels rise, ■••in. •.•1 » 

'A. the excess carbon dioxide dissolves into ocean 
water, reducing its calcium carbonate saturation. 


As the maps indicate, calcium carbonate saturation 




has already been reduced considerably from its 
pre-mdustriai level, and model projections suggest i."'’ 
much greater reductions in the future. The blue 
dots indicate current coral reefs. Note that under 
# projections for the future, it is very unlikely that 
4 calcium carbonate saturation leveiswill be adequate 
to support coral reefs in any U.S. waters.”* 
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Global Climate Change Impacts in the United States 





. 0 ;NOAA-NvyFSC-OSU.'COAS^“ { 

currents that ntorlerate O.Atii 

• t, rtf ecosysteim. As sudt. (t4s 
jw-'oxyi'en "deadsone'* thatXas- 
ashington and Oregon m recent 
I ittdicates low’oxygen areas and 
>ost severely oxygert depleted, .v' 


and are essential to their survivai - as a resuit of heat 
stress^ (see Ecosystems sector and Islands region). 

As a result of these and other stresses, the corals that 
form the reefs in the Florida Keys, Puerto Rico. Ha- 
waii, and the Pacific Islands are projected to be iost if 
carbon dioxide concentrations continue to rise at their 
current rate.^'^ 


Changing ocean currents will affect 
coastal ecosystems. 

Because it affects the distribution of heat in the 
atmosphere and the oceans, climate change will af- 
fect winds and currents that move along the nation's 
coasts, such as the California Current that bathes the 
West Coast from British Columbia to Baja Califor- 
nia.™ In this area, wind-driven upwelling of deeper 
ocean water along the coast is vital to moderation 
of temperatures and the high productivity of Pacific 
Coast ecosystems. Coastal currents are subject to 
periodic variations caused by the El Nino-Southern 
Oscillation and the Pacific Decadal Oscillation, which 


have substantial effects on the success of salmon and other fishery resources. Climate change is expected to 


affect such coastal currents, and possibly the larger scale natural oscillations as well, though these effects 


are not yet well understood. The recent emergence of oxygen-depletion events on the continental shelf off 


Oregon and Washington (a dead zone not directly caused by agricultural runoff and waste discharges such 


as those in the Gul f of Mexico or Chesapeake Bay) is one example.^' 



rkkbxcn fca rise te jlrEzd’t si imin czETf ai kkE i ^ B 

ititlroc fctn br burdEnc a-*rtrj3J*ic3 xcaib m iovcKS xnd SEEWiEba I 

hbet Hjkft fi V •n’Jrntai » jkt n'.il: ivni‘ Un I 

ivij Hi mt. (-rH, 

X. psTEiriErmE. xalutkin. xrsf -zin mrESu-rs^ ceurs lipn-trs* s' liDczrkrir 

ilElns6!T::<t!bE"iBai£ctb;r!C iftt :s.<sis 

nl -J^r ®- ■ ‘ ^ 3 . r.i.« 


!i- il . f- .-<■ I . r i-S** In gir-S :fc. i | i «. 

ffe*l f f I r ■ i ^ 1^ i ^^[isklTf'i t -jji 'j k m. 

+ “-s-r- “tt. -»«I -ij j “ ■fifsSa.n iLscsu* n ic* i 

5 _*L^ “Ji T-* . -tiri^r lal ^ Sirr"* _ s'at. a ‘ i_ b'l 'r 

_aa_af'a‘ aa r alaiB-fe’ja-* *4^'$ .'.'a r a ‘ r- i a ■ E J a 

>'A .a*-- ‘-IS. a I I I {aa L r a la." a f- 'la Tr . i - >b* jf- > • . 

■I l“ -iJV ar a. -a r- ^ *■■*■{ a “ 4.^ V Sar* “ - - *- _L - 

a ■ - V >--- af- -a ?a - " jlTt JS W-Jf* -J >■ a" r i 


152 


599 


An Agenda for Climar.e Impacts Science 



Both mitigation and adaptation decisions are becoming 
increasingly necessary. Advancing our knowledge in the 
many aspects of science that affect the climate system 
has already contributed greatly to decision making on 
climate change issues. Further advances in climate 
science including better understanding and projections 
regarding rainfall, storm tracks, storm intensity, heat 
waves, and sea-levei rise will improve decision 
making capabilities. 

The focus below, however, is on advancing our knowl- 
edge specifically on climate change impacts and those 
aspects of climate change responsible for these impacts 
in order to continue to guide decision making. 

Recommendation 1: 

Expand our understanding of ciimate 
change impacts. 

There is a clear need to increase under.standing of 
how eco,systems. social and economic systems, human 
health, and infrastructure will be affected by climate 
change in the context of other stresses. New understand- 
ing will come from a mix of activities including sus- 
tained and systematic observations, field and laboratory 
experiments, model development, and integrated impact 
as.sessinents. These wilt incorporate shared learning 
among researchers, practitioners (such as engineers and 
water managers), and local stakeholders. 

Ecosystems 

£ico.system changes, in response to changes in climate 
and other environmental conditions, have already been 
documented. These include changes in the chemistry 
of the atmosphere and precipitation, vegetatitm pat- 
terns. growing season length, plant productivity, animal 
species distributions, and the frequency and severity of 
pest outbreaks and fires. In the marine environment. 


changes include the health of corals and other living 
things due to temperature stress and ocean acidification. 
These observations not only document climate-change 
impacts, but also provide critical input to understanding 
how and why these changes occur, and how changes in 
ecosystems in turn affect ciimate. In this way, records 
of observed changes can improve projections of future 
impacts related to various ciimate change scenarios. 

In addition to observations, large-scale, whole-ecosy.s- 
tem experiments are essentia! for improving projections 
of impacts. Ecosystem-level experiments that vary 
multiple factors, such as temperature, moisture, ground- 
level ozone, and atmospheric carbon dioxide, would 
provide process-level understanding of the ways eco- 
sy.stems could respond to climate change in the context 
of other environmental stresses. Such experiments are 
particularly important for ecosystems with the greatest 
potential to experience massive change due to the cross- 
ing of thresholds or tipping points. 

Insights regarding ecosystem responses to ciimate 
change gained from both observations and experiments 
are the essential building blocks of ecosystem simula- 
tion models. These models, when rigorously developed 
and tested, provide powerful tools for exploring the 
ecosystem consequences of alternative future climates. 
The incorporation of ecosystem models into an integrat- 
ed assessment framework that includes socioeconomic, 
atmospheric and ocean chemistry, and atmosphere- 
ocean general circulation models should be a major goal 
of impacts research. This knowledge can provide a base 
for research studies into ways to manage critical ecosys- 
tems in an environment that is continually changing. 

Economic systems, human hea/th, and the 
built environment 

As natural systems experience variations due to a 
changing ciimate, social and economic systems will 
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be affected. Food production, water resources, forests, 
parks, and other managed systems provide life support 
for society. Their sustainability will depend on how well 
they can adapt to a future climate that is different from 
historical experience. 

At the same time, climate change is exposing human 
health and the built environment to increasing risks. 
Among the likely impacts are an expansion of the 
ranges of insects and other animals that carry diseases 
and a greater incidence of health-threatening air pollu- 
tion events compounded by unusually hot weather as- 
sociated with climate change. In coastal areas, sea-level 
rise and storm surge threaten infrastructure including 
homes, roads, ports, and oil and gas drilling and distri- 
bution facilities. In other parts of the country. Hoods, 
droughts, and other weather and climate extremes pose 
increasing threats. 

Careful observations along with climate and Earth 
.sy.stem models run with a range of emissions scenarios 
can help society evaluate these risks and plan actions to 
minimize them. Work in this area would include assess- 
ments of the performance of delivery systems, such as 
those for regional water and electricity supply, so that 
climate change impacts and costs can be evaluated in 
terms of changes in risk to system performance. It will 
be particularly important to understand when the effects 
on these systems are extremely large and/or rapid, 
similar to tipping points and thresholds in ecosystems. 

In addition, the climate change experienced outside the 
United States will have implications for our nation. A 
better understanding of these international linkages, 
including those related to trade, security, and large-scale 
movements of people in response to climate change, 
is desirable. 


Recommendation 2: 

Refine ability to project climate change, 
including extreme events, at local scales. 

One of the main messages to emerge from the past 
decade of synthesis and assessments is that while 
climate change is a global issue, it has a great deal of 
regional variability. There is an indisputable need to 
improve understanding of climate system effects at 
these smaller scales, because these are often the scales 
of decision making in society. Understanding impacts at 


Giobai Climate Change impacts in the United States 

local scales will also help to target finite resources for 
adaptation measures. Although much progress has been 
made in understanding important aspects of this vari- 
ability, uncertainties remain. Further work is needed on 
how to quantify cumulative uncertainties across spatial 
scales and the uncertainties associated with complex, 
intertwined natural and social systems. 

Because region-specific climate changes will occur in 
the context of other environmental and social changes 
that are also region-specific, it is important to continue 
to refine our understanding of regional details, espe- 
cially those related to precipitation and soil moisture. 
This would be aided by further testing of models against 
observations using established metrics designed to 
evaluate and improve the realism of regional 
model simulations. 

Continued development ofimproved, higher resolution 
global climate models, increased computational capac- 
ity. extensive climate model experiments, and improved 
downscaling methods will increase the value of geo- 
graphically specific climate projections for decision 
makers in government, business, and the 
general population. 

Extreme weather and climate events are a key com- 
ponent of regional climate. Additional attention needs 
to be focused on improved observations (made on the 
relevant time and space scales to capture high-impact 
extreme events) and associated research and analysis of 
the potential for future changes in extremes. Impacts 
analyses indicate that extreme weather and climate 
events often play a major role in determining climate- 
change consequences. 

Recorrtmendation 3: 

Expand capacity to provide decision makers 
and the public with relevant information on 
climate change and its impacts. 

The United States has tremendous potential to create 
more comprehensive measurement, archive, and daia- 
access systems and to convey needed information that 
could provide great benefit to society. There are several 
aspects to fulfilling this goal: defining what is most 
relevant, gathering the needed information, expanding 
the capacity to deliver information, and improving the 
tools for decision makers to use this information to the 
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best advantage. All of these aspects should involve an 
interactive and iterative process of continual learning 
between those w-ho provide information and those who 
use it. Through such a process, monitoring systems, 
distribution networks, and tools for using information 
can all be refined to meet user needs. 

For example, tools used by researchers that could also 
be useful to decision makers include those that analyze 
and display the probability of occurrence of a range of 
outcomes to help in assessing risks. 

Improved climate monitoring can be efficiently 
achieved by following the Climate Monitoring Prin- 
ciples recommended by the National Academy of 
Sciences and the Climate Change Science Strategic Plan 
in addition to integrating current efforts of governments 
at all levels. Such a strategy complements a long-term 
commitment to the measurement of the set of essentia! 
climate variables identified by both the Climate Change 
Science Program and the Global Climate Observing 
System. Attention must be placed on the variety of time 
and space scales critical for decision making. 

Improved impacts monitoring would include informa- 
tion on the physical and economic effects of extreme 
events (such as floods and droughts), available, for 
example, from emergency preparedness and resource 
management authorities, it would also include regular 
.archiving of information about impacts. 

Improved access to data and information archives could 
substantially enhance society’s ability to respond to 
climate change. While many data related to climate 
impacts are already freely and readily available to a 
broad range of users, other data, such as damage costs, 
are not, and efforts should be made to make them 
available. Easily accessible information .should include 
a .set of agreed-upon baseline indicators and measures 
of environmental conditions that can be used to track 
the effects of changes in climate. Services that provide 
reliable, well-documented, and easily used climate 
information, and make this information available to 
support users, are important. 


An Agenda for Climate impacts Science 


Recommendation 

Improve understanding of thresholds likely 
to lead to abrupt changes in climate or 

ecosystems. 

Paleoclimatic data show that climate can and has 
chan^d quite abruptly when certain thresholds are 
crossed. Similarly, there is evidence that ecological 
and human systems can undergo abrupt change when 
tipping points are reached. 

Within the climate system there are a number of key 
risks to society for w'hich understanding is still quite 
limited. Additional research is needed in some key 
areas, for example, identifying thresholds that lead to 
rapid changes in ice sheet dynamics. Sea-Ievei rise is 
a major concern and improved understanding of the 
sensitivity of the major ice sheets to su.stained warming 
requires Improved observing capability, analysis, and 
modeling of the ice sheets and their interactions with 
nearby oceans. Estimates of sea-level rise in previous 
assessments, such as the recent Intergovernmental Panel 
on Climate Change 2007 report, did not fully quantify 
the magnitude and rate of future sea-level rise due to 
inadequate scientific understanding of potential insta- 
bilities of the Greenland and Antarctic ice sheets. 


Tipping points in biological systems include the tem- 
perature thresholds above which insects survive winter, 
and can complete two life cycles instead of one in a 
single growing season, contributing to infestations that 
kill large numbers of trees. The devastation caused by 
bark beetles in Canada, and increasingly in the U.S. 
West, provides an example of how crossing such a 
threshold can set off massive destruction in an ecosys- 
tem with far-reaching consequences. 


Similarly, there is increasing concern about the 
acidification of the world’s oceans due to rising atmo- 
spheric carbon dioxide levels. There are ocean acidity 
thresholds beyond which corals and other living things, 
including some that form the base of important marine 
food chains, will no longer be able to form the shells 
and other body structures they need to survive. Improv- 
ing understanding of such thresholds is an important 
goal for future research. 
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Recommendation 5: 

improve understanding of the most 
effective ways to reduce the rate and 
magnitude of climate change, as well as 
unintended consequences of such activities. 

This report underscores the importance of reducing the 
concentrations of heat-trapping gases in the atmosphere. 
Impacts of climate change during this century and 
beyond are projected to be far larger and more rapid In 
scenarios in which greenhouse gas concentrations con- 
tinue to grow rapidly compared to scenarios in which 
concentrations grow more slowly. Additional research 
will help identify the desired mix of mitigation options 
necessary to control the rate and magnitude of 
climate change. 

In addition to their intended reduction of atmospheric 
concentrations of greenhouse gases, mitigation options 
also have the potential for unintended consequences, 
which should also be examined in future research. For 
example, the production, transportation, and use of 
biofuels could lead to increases in water and fertilizer 
use as well as in some air pollutants. It could also create 
competition among land uses for food production, biofu- 
els production, and natural ecosystems that provide 
many benefits to society. Improved understanding of 
such unintended consequences, and identification of 
those options that carry the largest negative impacts, 
can help decision makers make more informed choices 
regarding the possible trade-offs inherent in various 
mitigation strategies. 


Recommendation 6: 

Enhance understanding of how society can 
adapt to climate change. 



There is currently limited knowledge about the ability 
of communities, regions, and sectors to adapt to future 
climate change. It is important to improve understand- 
ing of how to enhance society’s capacity to adapt to a 
changing climate in the context of other environmental 
stresses. Interdisciplinary research on adaptation that 
takes into account the interconnectedness of the Earth 
system and the complex nature of the social, political, 
and economic environment in which adaptation deci- 
sions must be made would be central to this effort. 


The potential exists to provide insights into the possible 
effectiveness and limits of adaptation options that might 
be considered in the future. To realize this potential, 
new research would be helpful to document past re- 
sponses to climate variability and other environmental 
changes, analyze the underlying reasons for them, and 
explain how individual and institutional decisions were 
made. However, human-induced climate change is 
‘projected to be larger and more rapid than any experi- 
enced by modern society so there are limits to what can 
be learned from the past. 

A major difficulty in the analysis of adaptation strate- 
gies in this report has been the lack of information 
about the potential costs of adaptation measures, their 
effectiveness under various scenarios of climate change, 
the time horizons required for their implementation, 
and unintended consequences. These types of informa- 
tion should be systematically gathered and shared with 
decision makers as they consider a range of adaptation 
options. St is also clear that there is a substantial gap 
between the available information about climate change 
and the development of new guidelines for infrastruc- 
ture such as housing, transportation, water systems, 
commercial buildings, and energy systems. There are 
also social and institutional obstacles to appropriate 
action, even in the face of adequate knowledge. These 
obstacles need to be better under-stood so that they can 
be reduced or eliminated. 

Finally, it is important to carry out regular assess- 
ments of adaptation measures that address combined 
scenarios of future climate change, population growth, 
and economic development paths. This is an important 
opportunity for shared learning in which researchers, 
practitioiters, and stakeholders collaborate using obser- 
vations, models, and dialogue to explore adaptation as 
part of long-term, .sustainable development plajining, 
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Concluding Thoughts 


Responding to changing conditions 

Hiiman-induced climate change is happening now, 
and impacts are already apparent. Greater impacts are 
projected, particularly if heat-trapping gas emissions 
continue unahaled. Previous assessments have estab- 
lished these facts, and this report confirms, solidifies, 
and extends these conclusions for the United States. It 
reports the latest understanding of how climate change 
is already affecting important sectors and regions. In 
particular, it reports that some climate change impacts 
appear to be increasing faster than previous assessments 
had suggested. This report represents a significant up- 
date to previous work, as it draws from the US. Climate 
Change Science Program’s Synthesis and Assessment 
Products and other recent studies that examine how 
climate change and its effects are projected to continue 
to increase over this century and beyond. 


Similarly, there are choices to be made about adaptation 
strategies that can help to reduce or avoid some of the 
undesirable impacts of climate change. There is much 
to learn about the effectiveness of the various types of 
adaptation responses and how they will interact with 
each other and with mitigation actions. 

Responses to the climate change challenge will almost 
certainly evolve over time as society learns by doing. 
Determining and refining societal responses will be 
an iterative process involving scientists, policymakers, 
and public and private decision makers at all levels. 
Implementing these response .strategies will require 
careful planning and continual feedback on the impacts 
of mitigation and adaptation policies for government, 
industry, and society. 

The value of assessments 


Climate choices 

Choices about emissions now and in the coming years 
will have far-reaching consequences for climate change 
impacts. A consistent finding of this assessment is that 
the rate and magnitude of future climate change and 
resulting impacts depend critically on the level of global 
atmospheric heat-trapping gas concentrations as well as 
the types and concentrations of atmospheric particles 
(aerosols). Lower emissions of heat-trapping gases will 
delay the appearance of climate change impacts and 
lessen their magnitude. Unless the rate of emissions is 
substantially reduced, impacts arc expected to become 
increasingly severe for more people and places. 


Science has revolutionized our ability to observe and 
model the Earth’s climate and living systems, to un- 
derstand how they are changing, and to project future 
changes in ways that were not possible in prior genera- 
tions. These advances have enabled the assessment of 
climate change, impacts, vulnerabilities, and response 
strategies. Assessments serve a very important function 
in providing the scientific underpinnings of informed 
policy. Th^ can identify advances in the underlying 
science, provide critical analysis of issues, and highlight 
key findings and key unknowns that can guide decision 
making. Regular assessments also serve as progress 
reports to evaluate and improve policy making and other 
types of decision making related to climate change. 
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Global Climate Change Impacts in the United States 



Impacts and adaptation research includes complex 
human dimensions, such as economics, manage- 
ment, governance, behavior, and equity. Compre- 
hensive assessments provide an opportunity to 
evaluate the social implications of climate change 
within the context of larger questions of how com- 
munities and the nation as a whole create sustain- 
able and environmentally sound development paths. 


A vision for future U.S. assessments 

Over the past decade, U.S. federal agencies have 
undertaken two coordinated, national-scale efforts 
to evaluate the impacts of global climate change 
on this country. Each effort produced a report to 
the nation - Climate Change Impacts on the United 
States, published in 2000, and this report. Global 
Climate Change Impacts in the United StateSy 
published in 2009. A unique feature of the first 
report was that in addition to reporting the current 


farmers, ranchers, resource managers, city planners, 
business people, and local and regional government 
officials. A notable feature of the second report is 
the incorporation of information from the 21 topic- 
specific Synthesis and Assessment Products, many 
motivated by stakeholder interactions. 

A vision for future climate change assessments 
includes both sustained, extensive stakeholder 
involvement, and targeted, scientifically rigorous 
reports that address concerns in a timely fashion. 
The value of stakeholder involvement includes 
helping scientists understand what information 
society wants and needs. In addition, the problem- 
solving abilities of stakeholders will be essentia! to 
designing, initiating, and evaluating mitigation and 
adaptation strategies and their interactions. The best 
decisions about these strategies will come when 
there is widespread understanding of the complex 
issue of climate change - the science and its many 
implications tor our nation. 



state of the science, it created a nattonal discourse 
on climate change that involved li 
enlists and thousands of stakeholi 
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ACRONYMS AND ABBREVIATIONS 

ARS: Agricultural Research Service 

CCSP: Climate Change Science Program 

Cl ESIN; Center for International Earth Science 

Information Network 

CIRES: Cooperative Institute for Research in 

Environmental Sciences 

CMIP: Coupled Model Intercomparison Project 

DOE: Department of Energy 

EiA; Energy information Administration 

lARC: International Arctic Research Center 

IPCC: Intergovernmental Panel on Climate Change 

NASA; National Aeronautics and Space Administration 

NASS: National Agricultural Statistics Service 

NAST: National Assessment Synthesis Team 

NCDC: National Climatic Data Center 

NESDIS: National Environmental Satellite, Data, and 

information Service 


NOAA: National Oceanic and Atmospheric 

Administration 

NRCS: Natural Resources Conservation Service 

NSIOC: National Snow and Ice Data Center 

NWS: National Weather Service 

NWFSC: Northwest Fisheries Science Center 

PISCO: Partnership for Interdisciplinary Studies of 

Coastal Oceans 

PLJV: Playa Lakes joint Venture 

SAP: Synthesis and Assessment Product 

SRH: Southern Regional Headquarters 

USAGE: United States Army Corps of Engineers 

USBR: States Bureau of Reclamation 

USOA: United States Department of Agriculture 

U.S. EPA: United States Environinentai Protection Agency 

USES: United States Forest Service 

USGS: United States Geological Survey 
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Senator Boxer. And Senator Inhofe, you get some extra time. 

Senator Inhofe. All right. Well, I could have used that yester- 
day. 

Senator Boxer. I am sorry, we cannot go back to the future. If 
I could, I would. 

Senator Inhofe. All right. Well, first of all, I would think that 
this bill would do nothing to address your concerns since it will re- 
sult in no temperature changes because China and other devel- 
oping nations refuse to accept binding emission targets to keep car- 
bon below any amount. 

But let us go ahead, since I am also in the Heartland and the 
Midwest, I would like to have both of you respond to this. Because 
I have seen the same charts. I have seen how we are going to be 
treated. Oklahoma is right between you guys. So, would you like 
to, can you help me understand why we still believe that our costs 
would be greater? 

Well, first of all, let me say to you. Commissioner, I just left your 
Senator Thune, he said to say hello. And it is good to see you, Mr. 
Hart, over in Arkansas. 

Mr. Johnson. Well, thank you very much. Senator. 

I do want to make clear that regional disparities are some of the 
things that bother us the most. No one on this panel has argued 
for inaction. No one on this panel has said that carbon should not 
come with some price. The concerns that have been raised have 
been primarily around regional disparities. And I do think that is 
a big problem. 

We start talking about a postage stamp a day, or we talk about 
$100 a year, those are national numbers. And I think they gloss 
over the very real, and the very problematic, regional disparities. 
You know, $5 for South Dakotans, I do not believe it. Most of that 
analysis has been done on flawed presumptions that the energy 
that is created in South Dakota is used in South Dakota. The Fed- 
eral Government has not allowed us to do that. We have a lot of 
hydroelectric facilities in South Dakota and 80 percent of that 
power leaves the State. 

And so, all of the numbers I have seen about South Dakota are 
based on some very, very flawed assumptions. 

Senator Inhofe. Any comment, Mr. Hart? 

Mr. Hart. Senator, in Missouri, I mean that is why, because 
there are all these different studies, the people that live in Mis- 
souri wanted to know from the people generating kilowatt hours, 
whether it is wind farms, nuclear, natural gas, hydro, they want 
their professionals, the men and women generating kilowatt hours, 
to tell them, this is what it is going to cost us. 

Now, the numbers I see under the different scenarios, one was 
$25 a ton for carbon, another one was $50 a ton for carbon. Various 
assumptions they made under different cases, but the rate in- 
creases, you are talking about 42 to 77 percent. 

Senator Inhofe. The example you used this morning 

Mr. Hart. Those are people that are generating kilowatt hours 
every day. And I guess the regional disparity is what the people 
that live in Missouri are keying in on, too. They are telling all of 
us that they do not understand why utilities in California get 100 
percent allocation of emissions and Missouri gets 68. 
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Senator Inhofe. Yes. Let us keep in mind, too, that the costs 
that are going to be, now, if we are using the State of Missouri, 
we have heard your Senator, Kit Bond talk about how much it is 
going to cost the farmers. But there are other costs other than 
what we are talking about today. We are talking about the cost of 
fertilizer, the cost of all of things that affect, of course, we will have 
that panel tomorrow. 

Let me ask you. Commissioner Johnson, you said in your state- 
ment, I am going to quote it here, the Chairman’s mark includes 
a reserve fund with soft collar that this mechanism will not do 
enough to protect consumers. Could you explain that to me? 

Mr. Johnson. I think the real concern you see in all of this mod- 
eling is when you get an allowance price that climbs up higher 
than what a lot of us plug in to our studies, $15 or $20. That is 
where I think the real fear comes in. Madam Chairman. 

And I understand that. I think some people are looking for some 
level of confidence, that even if things get bad, consumers are not 
going to take the brunt of it, particularly Midwestern consumers. 

And I understand what the reserve, the strategic reserve, is sup- 
posed to do. I read a number of economic analyses on it that indi- 
cate, perhaps, that it will not be as successful as we all hope that 
it will be. It seems to me that some sort of a hard collar would give 
us more confidence that, at the end of the day, the burden is not 
falling too squarely on the backs of Midwestern consumers. 

Senator Inhofe. All right. Well, Commissioner, also, I do not re- 
call just in what context you used that term a quarter of a billion 
dollars. Now what was that? Would you repeat that sentence for 
me? 

Mr. Johnson. Almost every single load serving entity in South 
Dakota that has performed an analysis indicates that in the short 
term, utility prices would rise 25 percent in South Dakota. 

We spend $1 billion a year on natural gas and electricity in 
South Dakota. I am not a mathematician, but I take $1 billion 
times 25 percent and I get $250 million a year. 

I think that shows why talking about a postage stamp a day or 
$100 a year may make sense for our country. Maybe for the coun- 
try the costs are reasonable. But there are regional disparities that 
essentially punish some parts of this country far more than they 
can afford to be punished. 

Senator Inhofe. When you said that, I did not do the math be- 
cause I figured you already had it. But you only have what, 
800,000 people? 

Mr. Johnson. We have only 800,000 people, just over 300,000 
households and it ends up being a big ticket item. 

Senator Inhofe. OK. So, you have done your math on the house- 
holds, 300,000. 

Mr. Johnson. It is $850 a year. 

Senator Inhofe. Well see, this is the problem that we have, be- 
cause we have seen these analyses way back to and including the 
treaty that this all started with 10 years ago, the Kyoto Treaty. 
And all the way through that, and through the 2003 bill, the 
McCain-Lieberman bill, the 2005 bill, the Warner-Lieberman bill in 
2008, all of these analyses done by MIT, by all of these other 
groups, they come in the same consistent pattern. It does hit the 
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Heartland more, that the costs we are talking about is somewhere 
between $300 billion and $400 billion a year. And that is huge. And 
it affects different parts of the country in a different way. 

Mr. Hart, you said in your opening statement, I wrote this down, 
you said that you have a 91 percent customer satisfaction rate. Are 
you proud of that? 

Mr. Hart. We are pretty proud of that. 

Senator Inhofe. You should be. 

Mr. Hart. We do what our consumers tell us to do. They are sup- 
porting our wind development in the State. They like that we are 
going there. 

Senator Inhofe. What do you think would happen to that 91 per- 
cent if you have this increase that we are talking about? 

Mr. Hart. I am not sure. I think it is going to go downward. 

Senator Inhofe. Yes. I would think so. 

Mr. Hart. I think whatever policy is developed has got to have 
the support of the consumers. Whether you live in Missouri or Iowa 
or Arkansas or California or New York, we have got to get the peo- 
ple of this country, who love their country, to support the policy. 

Here is another problem. This is tough pill for Missourians to 
swallow. The last power plant, base load power plant we built in 
Missouri came on line in 1983. I have done a lot of research on 
this. What was going in 1983? It was after the Arab oil embargo, 
our country was wanting us to get away from dependence on other 
countries. We could not generate electricity with gas because there 
was a Federal law that was passed that said you could not gen- 
erate electricity with oil or gas. 

We were going to build, our primary project that we wanted to 
build, was a nuclear project in the region. We had all the financing 
put together, we invested $80 million in site development, we sub- 
mitted to the NRC, our members did. A week after we submitted 
the license, the moratorium was put on nuclear licensing. So now 
nuclear is not an option to our members. 

This is 26 years ago. Our only option in Missouri was coal. And 
the Federal policy at that point in time, in the history of this coun- 
try, was encouraging consumers to go with coal. And so now, 26 
years later, for our consumers to feel like, because they live in Mis- 
souri they are going to be penalized, it is a tough pill to swallow. 

Senator Inhofe. The problem is not are there other resources out 
there because, I have said in the last two panels, recently it has 
been documented that we are No. 1 in terms of our resources, our 
reserves in coal, gas and oil. It is a matter that 83 percent of that 
is off limits. As you point out, the moratoria are killing us. If we 
really want to wean ourselves off of foreign oil, let us go ahead and 
develop our resources that we have here. 

Madam Chairman, my time has expired, but I have two letters 
for the record to submit. First is from the American Public Power 
Association, the association is represented here although not nec- 
essarily the whole association. The second is a statement from the 
Public Service Commission of North Dakota, outlining their con- 
cerns. 

[The referenced information follows:] 
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enact a mechanism that also sets a hard maximum allowance price to ensure that energy costs do not rise 
too high and too fast, particularly for low-income consumers and energy-intensive industries. 

S. 1733 must continue to freely allocate, and not auction, allowances to the electricity sector. APPA 
appreciates that the Mark allocates, rather than auctions, allowances to the electricity sector and we 
strongly urge you to continue that approach. Moreover, APPA supports extending the time frame for 
such allocations beyond 2030. One of the arguments advanced in favor of an auction is that the 
legislation should avoid giving industry a “windfall profit” at the expense of consumers. This concern 
arose from experiences with the European cap-and-trade system where many generators included the 
market cost of allowances in their electricity prices even though they were allocated allowances and did 
not pay for them. Allocating allowances to load-serving entities, rather than fossil fuel-fired generators, 
eliminates this concern (see below). Moreover, in the case of not-for-profit, consumer-owned public 
power utilities, we cannot reap a windfall or any other profit by definition. 

S. 1733 must provide the electric utility sector with the amount of allowances necessary to operate 
under the bill’s established targets and timelines without having to fuel switch. If enormous GHG 
reductions are required by the bill before the availability of new technology, such as carbon capture and 
sequestration (CCS), or the construction of new nuclear plants, the most likely result will be significant 
fuel-switching to natural gas and resulting higher natural gas prices. In addition to the risk of higher gas 
prices, significant switching to gas will increase GHG emissions (compared, for example, to a switch to 
nuclear or CCS), causing emissions to reach the cap sooner and increasing the market price for available 
allowances, which will in turn further increase the cost of electricity. Therefore, APPA urges the 
Committee to provide the electricity sector with enough allowances - approximately 40 percent of the 
total provided economv-wide - to cover existing operations at the beginning of the program with only 
modest reductions until technology such as CCS is commercially available on a wide scale in the U.S, 
Although S. 1733 seems to distribute 35% of allowances to the electricity sector, we are concerned that 
this is not really the case because it appears that Section 771 of the bill provides an initial reservation of 
allowances that takes precedence over all other auctioned or distributed allowances, such as those to 
electricity. Tlius, it appears that the electricity sector would be receiving only 30% of the allowances, 
rather than the claimed 35 percent. This additional reduction to the electricity sector allowance pool is 
extremely problematic. 

S. 1733 must only allocate allowances to local distribution companies tLDCsl and not to merchant 
coal generators. APPA urges the Committee to ensure that allocation of allowances flow directly to local 
distribution companies whose retail rates are regulated at the stale and local levels as opposed to 
providing allowances to wholesale or “merchant” coal generators. A free allocation to merchant coal 
generators provides no price benefits. The generators will simply add the opportunity cost of holding an 
allowance to their price bids. Merchant coal generators primarily sell into the deregulated wholesale 
electricity markets administered by regional transmission organizations (RTOs). In these markets the 
highest bid sets the price each hour, meaning this opportunity cost adder raises the price of electricity sold 
by all plants in that hour -including renewable and nuclear generating units that emit no carbon. 
Unproductive costs, or the costs paid by consumers that are simply windfall profits and unrelated to 
carbon reductions, would increase greatly under an allocation to merchant coal. Unfortunately, S. 1733 
includes the same allocation methodology as was included in H.R. 2454, which allows up to 10 percent of 
the total electricity sector allowances to flow to unregulated generators. 

The tar 2 ets and timelines in S. 1733 must be realistic. Instead of mentioning the exact year in which 
such emissions reductions should begin, APPA urges the Committee to consider establishing the timeline 
of “at least five years after date of enactment of the bill” before reductions begin thereby giving the 
regulatory process time to be completed and the technology more time to become commercially viable. In 
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addition, the bill’s aggressive emission targets may lead to short-sighted and expensive strategies to 
reduce CO 2 from the electric sector, such as a massive switch to natural-gas fired generation. APPA 
believes, with sufficient time and appropriate incentives for technology, we can reduce emissions and 
avoid unnecessary increases in electricity prices. The targets and timelines in S. 1733 do not allow for 
such a transition, and will impose an enormous cost on certain regions of the country unnecessarily. 

Thank you for your consideration of our views. 

Sincerely, 

Mark Crisson 
President and CEO 

Cc: Members of the Senate Environment and Public Works Committee 
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US Senate Committee on Environment & Public Works 

456 Dirksen 

Senate Office Building 

Washington DC 20510-6175 

RE: Written Testimony for Hearing on S. 1733 (Ciean Energy Jobs and 
American Power Act) 


This letter is intended to provide information about the effects of climate change 
legislation on North Dakota. A majority of this information was collected at the April 1 7 
Carbon Cap and Trade Summit held in the North Dakota State Capitol, 

Approximately 170 people attended the meeting, and representatives from North 
Dakota utility companies and cooperatives participated in a roundtable discussion 
where they made several recommendations regarding carbon regulation. 

Enclosed is an executive summary that includes the details of the meeting and 
recommendations we respectfully ask you to consider as carbon legislation in Congress 
Is being debated. In addition to the executive summary, you can also watch video of the 
entire presentation on our website, httD://www.DSC.state.nd.us/ . 

Please do not hesitate to contact us if you have any questions. 

Sincerely, 



Commissioner Chairman Commissioner 
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Public Service Commission 


Carbon Cap & Trade Summit - April 17, 2009 
Executive Summary 


INTRODUCTION 

On April 17, 2009, the North Dakota Public Service Commission held a Carbon Cap & 
Trade Summit to discuss the impacts that carbon legislation currently being debated in 
Congress could have on North Dakota consumers and electric utilities. The meeting was held in 
the Brynhild Haugland Room of the State Capitol in Bismarck where approximately 170 people 
attended. The purpose of the meeting was to gather input from experts and utility company 
representatives on how carbon legislation will impact consumers and what should be done to 
minimize the negative impacts. 

Because the Commission regulates investor-owned utilities and the rates they set, it is 
important for the agency to play a key role in the debate. And although the Commission does 
not regulate the rates of electric cooperatives, it recognizes that cooperatives and their 
members must be included in the discussion on carbon legislation. Adding to the importance of 
carbon regulation's impact on North Dakota is the fact that the state is a major energy producer 
that relies heavily on coal-based electricity generation, which is the main target of cap and 
trade legislation because it is the number one source of carbon dioxide emissions. In fact, 95 
percent of North Dakota's electricity is generated from coal. Cap and trade in its simplest form, 
would place a limit on the amount of greenhouse gas emissions nationwide and assign a cost, 
similar to a tax, on those who need to emit them. 

Although the discussion included some research and opinions about global climate 
change, the main focus was about how increases in costs brought on by cap and trade policies 
will result in utility companies charging higher rates to consumers. No one at the meeting 
doubted that cap and trade legislation will result in higher bills for residential, commercial and 
business customers. Input from representatives of utility companies indicated rates for North 
Dakota customers could increase significantly. 

Cap and trade legislation has gained momentum in recent years, and especially this year 
with the inauguration of President Barack Obama, who has made it a major issue of his 
administration. Participants in the summit expressed concern that hastily drafted legislation 
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could result in policies that are too costly and complicated to implement in a time when the 
economy faces a major economic downturn. 

This report includes a summary of the key findings, data regarding costs to consumers, 
energy statistics, a discussion of revenue generated from carbon legislation, and 
recommendations. 

KEY FINDINGS 

1. North Dakota is one of the most coal dependent states and its consumers will be 
impacted more than those in nearly any other state. 

2. North Dakotans currently pay some of the lowest electricity rates in the nation. 

3. Energy bills are regressive in nature and higher energy costs will harm low- 
income customers the most. 

4. Increased energy prices will result in an overall increase in costs of goods and 
services. 

5. Abrupt changes in energy policy could be inefficient and cause undue harm, both 
from an economic and electric reliability standpoint. 

6. Commercial scale carbon capture technology is still in its infancy. 

COSTS TO CONSUMERS 

Several utility company representatives cited specific examples of what costs their 
customers will likely face if carbon cap legislation is approved by Congress. Many of the utility 
executives believe it is possible for cap and trade legislation to result in an initial "tax" of $20 
per ton on carbon emissions, with the cost being increased over time. 

The following is a recap of some of the statements made regarding costs: 

> Dave Goodin, CEO of Montana-Dakota Utilities Co., said if a $20 per ton tax is 
placed on carbon emissions, it would result in a 40 percent increase in MDU's 
residential customers’ bills assuming there are no emission allowances issued. 
Mr. Goodin also stated that industrial customers could see a 52 percent increase 
in their bills. See attachment for an example of what an MDU bill would look like 
if a $20 per ton tax is placed on carbon emissions. 

> Dave Loer, CEO of Minnkota Power Cooperative, said rates for Minnkota 
customers would increase 25 percent for every $10 per ton tax placed on carbon 
emissions. Mr. Loer said an alternative to cap and trade would be to place a 
modest tax of $1 a ton on carbon emissions and use the funds for research and 
development. 
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> Ron Harper, CEO of Basin Electric Power Cooperative, said cap and trade could 
cost consumers of Basin Electric's customers $498 million in 2012, with North 
Dakota customers paying $99 million of that. 

> Harlan Fuglesten, Community and Governmental Relations Director for the 
North Dakota Association of Rural Electric Cooperatives, said based on a recent 
report of the National Rural Electric Cooperative Association, North Dakota 
customers would see the largest increases in rates among cooperatives if a 
carbon cap and trade plan is passed. Fuglesten said the average North Dakota 
cooperative customer would see their bills increase $25 a month if the tax is set 
at $20 per ton on carbon emissions. 

> Chuck MacFarlane, president of OtterTail Power Company, said every $10/ton 
tax on carbon emission would increase residential and small commercial rates by 
12.5 percent and it would increase industrial rates by 16 percent. 

The following charts demonstrate the increase in electricity rates based on the assumption that 
a $20/metric ton tax on carbon emission would result in a 40 percent increase. 


Impact of Carbon Tax on Annual Electricity Bill* 
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Tax per ton of C02 

'Assumes a 40 percent increase in rates per S20/metric ton tax. 

"Based on the average price of retail electricty in North Dakota of $0,073 per kilowatt hour, 
according to data from the Energy Information Administration published January 2009 
( http://www.eia.doe.eov/cneaf/electricitv/epa/fie7D5.pdfl. Graph assumes monthly usage of 
1,000 kilowatt hours 
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Total Increase in Annual Electricity Bill With Carbon Tax 
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♦Assumes a 40 percent increase in rates per S20/metric ton tax. 

♦•Based on the average price of retail electricty in North Dakota of $0,073 per kilowatt hour, 
according to data from the Energy Information Administration published January 2009 
(httD://www.eia.doe.Bov/cneaf/electricitv/eDa/fig7pS.pdf). Graoh assumes monthiv usage of 
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KEY STATISTICS 

In order to understand how much of an impact cap and trade will have on electricity 
rates in North Dakota, it is important to know what percentage of electricity is generated with 
coal, the primary target of the policy. 

Coal is currently the most dominant fuel used for electricity generation in the United 
States and North Dakota. In 2008, coal was the source for about half of the electricity produced 
nationwide. 
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The following charts illustrate just how important coal is to generating electricity in the U.S. and 
North Dakota specifically. 


1 2008 Generation Percentage by Fuel Source (U.S.) | 

Coal 

48.5% 

Natural Gas 

21.3% 

Nuclear 

19.7% 

Hydro 

6.1% 

Non-hydro renewable 

3% 

Fuel Oil 

1.1% 

Other 

0.3% 


Source: U.S. Department of Energy, Energy Information Administration 
(http://www.eia.doe.gov/cneaf/electricitv/epm/tablel 1 .htmll 

Cap and trade will have a disproportionate impact on North Dakota ratepayers because 
of the state's heavy reliance on coal as a source of fuel. 


1 State 

% electricity from coal 

1. 

West Virginia 
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3. 
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85 
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78 


The Commission is concerned about President Obama's Cap and Trade plan because It 
would require citizens of states that are coal dependent to pay the most, without a targeted 
return of that money. It is also important to note that federal law mandated the least cost 
generation be built in North Dakota and much of the heartland, which was effectively a coal 
mandate. The following illustration from the Energy Information Administration shows the cost 
effectiveness of the former federal energy policy. 
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Average Residential Electricity Prices per kilowatt-hour 2007 


U S. Residential Average Price per kllowatthour Is 10.65 Cents 
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Source: Energy Information Administration, Form EiA.861, "Annual Electric Power Industry Report," 
http://www.eia.doe.eov/cneaf/electricitv/epa/fig7p5.Ddf 


As shown above. North Dakota has the fourth lowest cost retail electricity prices in the 

nation. 


If North Dakota's ratepayers are disproportionately harmed by Cap and Trade, so too 
will ratepayers in other states who import electricity generated in North Dakota. North Dakota 
exports approximately two-thirds of the electricity produced in the state, 

POTENTIAL GOVERNMENT REVENUE 

Because of the significant amount of money that could be generated for government 
coffers under a cap and trade policy, there is much concern from policymakers and utilities over 
how that money will be spent. There is also concern about the potential for market 
manipulation and arbitrage under a complex regulatory scheme like cap and trade. Dr. Andrew 
Keeler, an economist on the faculty of the John Glenn School of Public Affairs at Ohio State 
University, said the question of how the money will be spent is the "many billion dollar 
question." 
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The consensus among utility representatives in attendance was: If carbon regulation is 
implemented, the revenue should be used to reduce carbon emissions, not for other types of 
spending such as for social programs or other government functions. 

Keeler said some of the ideas of where the revenue would go include giving money back 
to ratepayers, using it to reduce taxes or the budget deficit, or for research and development. 
Keeler added that the political reality is there will likely be an auction mechanism and the 
federal government will receive the revenue. 

In comments filed with the Commission, Xcel Energy cautions policymakers on 
auctioning 100 percent of the greenhouse gas allowances: 

"Although President Obama has endorsed the auction of 100% of greenhouse gas 
allowances under a cap-and-trade program, we believe that emission allowances 
should be allocated freely to the utility industry. A large free allocation of 
allowances appears to be the best way to mitigate the cost of the program to 
utility customers. Any cap-and-trade program that requires 100% auction of 
allowances effectively requires utility customers to pay twice for the program: 
first to reduce emissions to meet the emission reduction goals, and second to 
purchase allowances to cover the utility's remaining emissions at auction. 
Without a large allocation, even a company that reduces its emissions by a 
significant amount would still face a significant obligation to purchase 
allowances. We strongly encourage the Commission to help advocate to Congress 
on this Issue, as we believe it has significant consequences for our customers." 

RECOMMENDATIONS 


Many see cap and trade as a perpetual tax on everyone that will not only affect energy rates, 
but also prices for goods and services that people buy. Based on the concerns and data 
presented at the summit, the Commission opposes cap and trade. However, the Commission 
would offer the following recommendations if Congress does proceed with a cap and trade law: 

> Revenue generated from any carbon regulation should be targeted for carbon 
technology research and development, not as an excuse for further government 
spending. In no instance should cap and trade become a new general 
government revenue source. Doing so would ensure that North Dakotans 
would pay a disproportionate share of the cost of federal government spending. 

> Any effective solution must be global. All carbon emitting countries like China 
need to be involved. 

> All sources of energy must be included in Cap and Trade. Carbon regulation 
cannot be targeted only at electricity ratepayers. 
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> Targets should be achievable and timed with technology advancements, not 
based on unrealistic or arbitrary Congressional mandates. 

> Reduction proposals should have safeguards so the economy and consumers 
don't suffer, 

> There needs to be protections against market manipulations and large price 
swings. Emission reduction proposals, such as cap and trade, must include an 
economic safety valve to avoid excessive financial hardships, market 
manipulation or large price swings. 

> Local distribution utilities should receive free allowances for emissions. State 
regulation ensures that this will not become a "windfall" for utility 
shareholders. Free allowances help mitigate the potential for skyrocketing 
electricity rates that are inherent in the President's 100 percent auction model. 

The Commission does hasten to note, that even if the recommendations listed above 
are included in the legislation, it finds the cap and trade concept so inherently flawed and 
harmful to North Dakota consumers, that it is still a proposal that should be rejected by 
Congress. 

CONCLUSION 

Few, if any, doubt cap and trade policies will result In Increased costs for electricity 
nationwide. It is essentially a tax that will not only drive up energy prices, but it will also 
increase the prices for nearly everything bought and sold in the U.S. Utility company 
representatives are very concerned about how cap and trade will increase prices for their 
customers and they are already working on ways to mitigate the impact. In general, most utility 
companies share the same concerns over cap and trade legislation. Because the Commission 
regulates the rates of investor-owned utilities in North Dakota, it has an interest in protecting 
consumers by keeping rates reasonable, while at the same time allowing companies the 
resources to provide safe and reliable energy to their customers. 


-END- 
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Cap-and-Trade Legislation Must 
Protect Customers and Economy 



Monthly Current Avg Monthly Carbon Full-year Bill 

Assumed Cost per Ton $20 Kwh Use Monthly Bill Tax on Kwh Use Carbon Tax % Increase 
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Montana-Dakota Utilities believes that federal action to reduce greenhouse gas emissions must: 

• Involve all sectors of the economy, and all significant sources of GHG emissions: 

• Prevent harm to the U.S. economy and minimize disproportionate regional impacts; 

• Recognize that both alternative and traditional fuels such as coal, nuclear, natural gas and hydropower are 
critical to provide America with economic and reliable energy; 

• Devote any revenue generated to developing affordable and reliable lower-carbon and carbon capture 
technologies; 

• Assure compliance timelines are consistent with the development and deployment of needed 
technologies: 

• Ensure that emissions less than an established cap are not assessed a price or cost; 

• Provide an effective economic safety valve (e.g. carbon allowance ceiling price); 

• Recognize early actions/investments made to mitigate greenhouse gas emissions; 

• Allow federal GHG reduction requirements to preempt state or regional GHG reduction requirements; and 

• Protect U.S. jobs from international competitors that do not face the same carbon constraints, while 
facilitating technology transfer to other nations. 
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Senator Boxer. Thank you very much. 

I would like to put into the record two documents, too, at this 
point. One is the map that shows the modest impact on electricity 
rates, including in your parts of the country, and then also page 
1 of the EPA analysis that says the cap and trade policies outlined 
in these bills would transform the way the U.S. produces energy. 
The average loss in consumption per household will be relatively 
low, and this is the key thing, the impacts of climate policy are 
likely to vary comparatively across geographic regions. 

You keep saying California. I also would put a third document 
into the record that says green States to get few rewards in U.S. 
climate bill. And we are a green State with extensive energy effi- 
ciency. 

[The referenced EPA document follows:] 
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Economic Impacts of S. 1733: 
The Clean Energy Jobs and 
American Power Act of 2009 


October 23, 2009 


U.S. Environmental Protection Agency 
Office of Atmospheric Programs 
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On September 30, 2009, Senators Kerry and Boxer introduced the Clean Energy Jobs and 
American Power Act of 2009 (S. 1733). The counterpart bill in the House of 
Representatives is the American Clean Energy and Security Act of 2009 (H.R. 2454), for 
which EPA developed cost estimates on June 23, 2009. This paper presents a discussion 
of how some of the key provisions in the Senate bill compare to the House bill, 
particularly with respect to the likely economic impacts of the bill. In order to produce 
this analysis, EPA synthesized the results of a significant volume of modeling analysis on 
economy-wide climate policy performed by the Agency. This effort drew from the 
nearly 50 modeling scenarios of five bills over the past two years, with particular focus 
on the two economic analyses of the Waxman-Markey bill this year. Through this effort, 
we carefully assessed the key differences and whether any would result in substantial 
changes to the modeled impacts.' 

The assessment in this paper draws upon existing modeling by EPA that used full 
computable general equilibrium models (ADAGE and IGEM), as well as modeling that 
used reduced form versions of EPA’s models. These models serve as stylized versions of 
the U.S. economy and climate change policy. In effectively simplifying the real-world in 
order for a modeling analysis to be computationally feasible, it is important to recognize 
that some minor differences between the policy designs in H.R. 2454 and S. 1733 are 
made irrelevant by the set-up of the models. This is not unique to the set of models 
employed by EPA, but common among the broader modeling community. Nonetheless, 
reviewing the breadth of the EPA modeling scenarios provides an opportunity to identify 
the most important, robust conclusions that models can illuminate about the design of 
climate policy. 

EPA’s assessment of the two bills indicates that the full suite of EPA models would 
likely show that the impacts of S. 1733 would be similar to those estimated for H.R. 

2454. Four key messages from the EPA analysis of H.R. 2454 would remain unchanged: 
(1) the cap-and-trade policies outlined in these bills would transform the way the United 
States produces and uses energy; (2) the average loss in consumption per household will 
be relatively low, on the order of hundreds of dollars per year in the main policy case; (3) 
the impacts of climate policy are likely to vary comparatively little across geographic 
regions; and (4) what we assume about the actions of other countries has much greater 
implications for the overall impact of the policy than the modeled differences between 
the two bills. 

That said, there are a few differences between S. 1733 and H.R. 2454 that could have a 
small impact on the modeled costs of the policy. First, the 2020 cap level in S. 1733 
requires a 20% reduction from 2005 emissions levels instead of the 17% reduction 
required in H.R. 2454, although this is the same 2020 target as modeled in the April 2009 
analysis of the Waxman-Markey discussion draft. Moving from a 17% to 20% target 
would raise costs slightly in the models. Second, S. 1733 allows landfill and coal mine 
CH 4 as offset sources, whereas H.R. 2454 instead subjected them to performance 
standards. This will lower costs slightly and result in a small increase in overall 


' Note also that EPA’s analysis did not examine the costs of not acting to reduce greenhouse gases nor does 
it compare the costs of S. 1 T.'iJ against other policy approaches to address GHG emissions. 


EPA Analysis of S. 1733 
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emissions. Third, the market stability reserve allowance provisions in S. 1733 are 
changed to provide greater price certainty than the strategic reserve allowance provisions 
in H.R. 2454. S. 1733 also allocates more allowances to the market stability reserve than 
H.R. 2454 allocates to the strategic reserve. Assuming allowance prices remain low 
enough that covered entities do not purchase reserve allowances, this change wilt result in 
slightly higher costs in S. 1733 compared to H.R. 2454. For the most part the differences 
between the bills result in relatively small differences in estimated costs and may even 
cancel each other out on net. 

There are many similarities between the bills. While the 2020 caps differ, the caps start 
out the same in 2012, and are identical between 2030 and 2050. Cumulatively, the caps 
differ by just one percent over four decades. Both of the bills cover the same sources of 
greenhouse gas emissions. Both bills place limits on offsets that are not expected to be 
binding. Both bills allow offsets from a broad array of agriculture and forestry sources. 
Both bills allow unlimited banking of allowances. Both bills have output-based rebate 
provisions designed to reduce emissions leakage and address competitiveness concerns 
for energy intensive and trade exposed industries. Because of these many similarities and 
the relatively small differences between the two bills, it is likely that a full analysis of S. 
1733 would show economic impacts very similar to H.R. 2454. 

EPA analysis mainly focuses on modeling the cap-and-trade policy outlined in proposed 
legislation. With time, EPA has also been able to incorporate a few additional provisions 
into its models, such as energy efficiency standards. EPA has not yet been able to 
adequately incorporate other standards within the modeling framework such as those that 
apply to the transportation or electricity sectors (e.g., fuel economy or performance 
standards). Likewise, while formal modeling can shed light on the key aspects of the cap- 
and-trade policy, it cannot replicate every aspect of private decision-making and therefore 
will not capture the impact of certain details. For this reason, modeling results are 
instructive in highlighting the magnitude and direction of impacts and the way they may 
change under different conditions but should not be interpreted as precise estimates of 
what will occur once a policy has been implemented. 

The paper is organized as follows. First, it evaluates key elements of the two bills that, in 
most cases, are informed by EPA modeling analyses; cap levels and coverage, offset 
limits and sources, banking and borrowing, reserve allowances, energy efficiency 
provisions, incentives for CCS, energy-intensive and trade-exposed output-based rebates, 
transportation provisions, and allocations. For each of these topics, the paper describes 
the purpose of the provision and how the bills differ, then assesses how these differences 
would be expected to impact allowance prices and costs. Second, the paper summarizes 
the economic impacts of H.R. 2454 and S. 1733. Third, it discusses the importance of 
modeling assumptions, particularly with regard to technology and international action. 
Fourth, distributional and temperature impacts are discussed. Finally, the appendix 
describes the recent EPA modeling analyses that inform this paper. 


EPA Analysis of S. 1733 
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Cap Levels and Coverage 

Both H.R. 2454 and S. 1733 place caps on the overall amount of greenhouse gas 
emissions allowed from all covered entities by establishing a separate quantity of 
emissions allowances for each year. In addition to establishing a cap, H.R. 2454 and S. 
1733 allow covered sources to trade allowances. The requirement that a covered entity 
hold an allowance for every ton of greenhouse gas emissions it emits creates scarcity in 
the market for allowances, which in turn implies a positive price in the market. The cap- 
and-trade policy does not mandate how sources achieve this goal. Absent other legislated 
requirements, a source can choose the cheapest method of compliance, by reducing its 
output, changing its input mix, modifying the underlying technology used in production, 
or purchasing allowances or offsets from other entities with lower abatement costs. This 
assures that the cap is met at the cheapest possible cost to covered sources while inducing 
long-term innovation and change in the production and consumption of energy-intensive 
goods in related markets. The cap-and-trade policy often is carefully crafted to afford 
sources numerous flexibilities that further decrease the costs of compliance, such as the 
option to purchase offsets from non-covered sources; the ability to bank or borrow 
allowances across time periods; and the ability to purchase allowances from the 
government if the price reaches a particular threshold. Standards that impose restrictions 
on the way in which a particular subset of sources meet the cap will reduce this flexibility 
and, if binding, likely increase the costs without delivering additional emission 
reductions. However, it is difficult to model the effects of such standards on the behavior 
of sources and to reflect the costs they may impose. 

Both H.R. 2454 and S. 1733 set the cap level in 2012, 2030, and 2050 to reduce 
emissions from covered sources by 3%, 42%, and 83% from 2005 levels respectively. 
However, compared to HR. 2454, S. 1733 changes the 2020 cap level from 17% to 20% 
below 2005 emissions levels from covered sources. It should be noted that the caps 
specified in S. 1733 are equivalent to the caps first specified in the Waxman-Markey 
discussion draft, which was also analyzed by EPA (EPA 2009a). This change in the 2020 
cap level decreases the cumulative number of allowances available between 2012 and 
2050 by one percent from 132.2 gigatons carbon dioxide equivalent (GtC02e) to 130.6 
GtC02e. Figure 1 illustrates the nearly imperceptible difference, which is indicated by 
the gap between the lines representing the two cap levels over time. Because covered 
entities are allowed to bank, and to a limited extent, borrow emissions allowances, it is 
the cumulative number of allowances over the entire 2012 - 2050 time frame that drives 
allowances prices. All else being equal, this tightening of the cap will raise allowance 
prices on the order of one percent in all years from the allowance price in the core 
scenario of EPA’s H.R. 2454 analysis ($13/tC02e 201 5; Slb/tCOoe in 2020). Similar 
changes would be seen in the cost of the bill for the average household. The changed 
caps will also likely result in slightly greater usage of domestic and international offsets, 
all else being equal. 
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Figure 1 -S. 1733 and HR. 2454 Cap Levels 



The coverage in S. 1733 is unchanged from H.R. 2454. Both bills contain three separate 
phases each covering a greater percentage of emissions. In phase I, from 2012-2013, 
covers 66.2% of year 2005 greenhouse gas emissions as measured in the Inventory of US 
Greenhouse Gas Emissions and Sinks (EPA 2008c). In phase 2, from 2014-2015, 
75.7% of year 2005 greenhouse gas emissions are covered. In phase 3, 2016 and after, 
86.4% of year 2005 greenhouse gas emissions are covered.^ 


Offset Limits and Sources 

H.R. 2454 and S. 1733 both establish offsets credits as an additional method for entities 
to comply with the requirement to hold an emissions allowance for each ton of 
greenhouse gas emissions. Instead of purchasing an emissions allowance for each ton of 
emissions, entities may also demonstrate compliance by purchasing an offset credit that 
represents reductions in greenhouse gas emissions (or increased sequestration of 
greenhouse gases) from a non-covered source (e.g., reduced emissions from landfill CH4, 
increased CO 2 sequestration from changed agricultural tillage practices, or increased CO 2 


^ Major sources covered in phase 1 include; CO 2 from electric power generators; CO 2 from non-industrial 
petroleum use; some CO 2 from industrial usage of petroleum; CO 2 from the non-energy use of fuels; N 2 O 
from product uses; PFC from semiconductor manufacturing; and SF,, from electrical transmission and 
distribution, magnesium production and processing, and semiconductor manufacturing. Major sources 
covered in phase 2 include: CO 2 from industrial usage of coal; remaining CO 2 from industrial usage of 
petroleum; most CO 2 from the industrial usage of natural gas; CO 2 from iron and steel production; CO 2 
from cement manufacturing; CO 2 and N 2 O from fertilizer production. Sources covered in phase 3 include: 
CO 2 from residential, transportation, and commercial usage of natural gas; remaining CO 2 from industrial 
usage of natural gas. See the data annex to EPA’s analysis of H.R. 2454 (EPA 2009b) for a spreadsheet 
detailing covered sources. 
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sequestration from afforestation). The non-covered sources providing offset credits can 
either be domestic or international. 


Table 1: Summary of Key Offset Provisions 



H.R. 2454 

S. 1733 

Overall Offset Limits 

2 billion tons 

2 billion tons 

Source Level Offset 
Limits 

Does not aggregate to the 
overall limit 

Aggregates to the overall limit 

Domestic & 
International Offset 
Limits 

International; 1 billion tons 
Domestic: 1 billion tons 

International: 0.5 billion tons 
Domestic; 1.5 billion tons 

Criteria for Adjusting 
International Offset 
Limit 

Domestic offset usage below 
0.9 billion tons 

Domestic offset usage below 

0.9 billion tons 

Revised International 
Offset Limit 

1.5 billion tons 

1.25 billion tons 

Performance standards 

Landfill and coal mine CH, 
covered by performance 
Standards, reducing there 
ability to supply offsets. 

Landfill and coal mine CH 4 
are not covered by 
performance standards. 


Offsets Limits 

Both H.R, 2454 and S. 1733 limit annual offset usage to 2 billion tons,^ and then specify 
how the overall offset limit should be calculated on a per covered source basis to generate 
source level limits on the use of offsets.'* The formula for establishing the source level 
offset limit in H.R. 2454 does not add up to the overall 2 billion ton limit.^ S. 1733 
corrects this problem so the source level limit is now consistent with the overall 2 billion 


’ H.R. 2454 sec. 722 (d)(1)(A) and S. 1733 sec. 722 (dXI)(A). 

’ H.R. 2454 sec. 722 (d)(1)(B) and S. 1733 sec. 722 (d)(1)(B). 

^ H.R. 2454 Sec 722 (d) (1) (A) allows covered entities to satisfy a specified percentage of the number of 
allowances required to be held for compliance with offsets credits. H.R. 2454 Sec 722 (d) (1) (B) states 
that for each year, the specified percentage is calculated by dividing two billion by the sum of two billion 
and the annual tonnage limit for that year. For example, in 2012, when the cap level is 4.627 GtC02e, the 
percentage would be 30.20%; and in 2050, when the cap level is 1.035 GtC02e the percentage would be 
65.90%. The number of allowances required to be held for compliance is equal to the amount of covered 
emissions, so for any given firm the amount of offsets they are allowed to use is equal to the product of 
their covered emissions and the percentage specified above. The total amount of offsets allowed is equal to 
the product of the total amount of covered emissions and the specified percentage. In order for this to be 
equal to the 2 billion ton limit on offsets specified above, total covered GHG emissions would have to be 
equal to the cap level plus 2 billion tons. There are several reasons why this is unlikely to be the case. 

First, even if covered emissions remain at reference levels, in the early years of the policy they will not be 2 
billion tons over the cap level. Second, if firms bank allowances, their covered GHG emissions will be 
reduced, which will reduce the amount of offsets they are allowed to use. Third, in the later years when 
firms are drawing down their bank of allowances, it is possible for covered GHG emissions to be more than 
2 billion tons above the cap, which means that the pro rata sharing formula can be in conflict with the 
overall 2 GtC02e limit on offsets usage. 
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ton limit on offset usage.*’ For the purposes of economic analysis or modeling, this 
change is not likely to have any impact on allowance prices, as the limits on offset usage 
were not binding in EPA’s analysis of H.R. 2454, and the revised limits in S. 1733 would 
also not be constraining. 

In addition to the overall limits placed on the amount of offsets a covered entity can use, 
both H.R. 2454 and S. 1 733 place limits on the amount of offsets that can come from 
either international or domestic sources. H.R. 2454 states that not more than one-half of 
offsets can come from domestic offset credits and not more than one-half can come from 
international offset credits. S. 1 733 differs from H.R. 2454 in that not more than three- 
quarters of offsets can come from domestic offset credits and not more than one-quarter 
can come from international offset credits.^ 

After placing limits on domestic and international offset usage, both H.R. 2454 and S. 
1733 state conditions under which those limits are modified. In both bills, if the 
estimated usage of domestic offsets is expected to be below 0.9 billion tons in any year, 
the limits on international offsets usage are modified. When this condition is met, H.R. 
2454 allows additional international offset credits equal to the difference between 1 
billion tons and the amount 1 billion tons exceeds the estimated domestic offset usage, up 
to an additional 0.5 billion tons of international offset credits. This has the potential to 
increase the limit on international offset credits in H.R. 2454 to 1 .5 billion tons per year. 
In contrast, when this condition is met, S. 1733 allows additional international offset 
credits equal to the difference between 1.5 billion tons and the amount 1 .5 billion tons 
exceeds the estimated domestic offset usage, up to an additional 0.75 billion tons of 
international offset credits. This can potentially increase the limit on international offset 
credits in S. 1733 to 1.25 billion tons per year, 0.25 billion tons less than in H.R. 2454.® 

In EPA’s analysis of H.R. 2454, estimated usage of domestic and international offsets are 
below the limits established in H.R. 2454, and below the limits established in S. 1733 in 
all scenarios that do not place constraints on technology. Thus the changed language on 
offsets limits will not impact the costs of the bill as estimated by EPA in scenarios that do 
not place limits on technology. However, in scenarios with limits on the availability of 
technologies such as nuclear, biomass, and CCS, the limits on international offset usage 
would be reached. In these scenarios, when the limit on domestic offsets is not met, H.R. 
2454 adjusts the limit on international offset usage to allow approximately 1 .5 GtC02e 
per year, while S. 1733 adjusts the limit on international offset usage to allow 1.25 
GtC02e per year. The fewer international offsets allowed by S. 1733 compared to H.R. 
2454 in these limited technology scenarios would require an extra 9.5 GtC02e of 
abatement from covered sources cumulatively over the 2012 - 2050 time frame, and 
would result in higher allowance prices. 


^ S. 1733 sec. 722 (d)(1)(B) establishes the entity level limit on offsets as the product of 2 billion tons and 
that entity’s share of covered emissions from the previous year. 

’ H.R. 2454 sec. 722 (d)(1)(B) and S. 1733 sec. 722 (d)(lXB). 

* H.R. 2454 sec. 722 td)(1)(C) and S. 1733 sec. 722 (d)(lXC). 
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Coal Mine and Landfill CH4: Offsets or Performance Standards 

An additional difference between the two bills is that H.R. 2454 requires the 
establishment of performance standards for uncapped stationary sources including: any 
individual sources with uncapped emissions greater than 10,000 tons C 02 e; and any 
source category responsible for at least 20% of uncapped stationary GHG emissions. The 
bill requires that source categories to be identified by EPA include those responsible for 
at least 10% of uncapped methane emissions. Performance standards for new sources 
would then be set under the provisions of section 1 1 1 of the Clean Air Act. In general, 
performance standards are emissions limits set based on an analysis of best demonstrated 
technologies but do not require that particular technologies be used. Under section 
1 11 (d), states are then directed to set performance standards for existing sources based on 
the new source performance standards and may take into account other criteria such as a 
facility’s remaining useful life. Sources that would potentially be covered by this 
provision likely includes, at a minimum: landfills; coal mines; and natural gas systems. 
Including these sources under performance standard provisions eliminates their eligibility 
to provide offset credits. 

In S. 1733, these performance standard provisions are no longer included, and landfill, 
coal mine, and natural gas system methane are instead eligible to provide offset credits.^ 
An extension of EPA’s analysis of H.R. 2454 has shown that allowing these sources as 
offset projects under H.R. 2454 instead of covering them under performance standards 
would decrease allowance prices by 2% in all years from the allowance price in the core 
scenario of EPA’s H.R. 2454 analysis ($13/tC02e 2015; $16/tC02e in 2020); increase 
2012 - 2050 cumulative domestic offsets usage by 46% (6 GtC02e); decrease 2012 - 
2050 cumulative international offset usage by 12% (5 GtC02e); and increase 2012 - 2050 
cumulative U.S. GHG emissions by 6 GtC02e (Fawcett, 2009). The overall impact on the 
modeled cost of the policy would likely be small. 

However, there are other general equilibrium consequences from the way that these 
emission sources are controlled that are not included in the reduced form modeling used 
to generate these results. Including these sources in an offsets program allows the market 
to determine the appropriate level of abatement from these sources so that the marginal 
cost of abatement is equal to the offset price. A performance standard dictates what level 
of abatement particular sources must achieve. If costs end up being lower than expected, 
then there will be less abatement activity than under an offsets program, although sources 
may be able to over-comply and generate additional offsets; if costs end up being higher 
than expected, there will be more abatement activity than under an offsets program, and 
the marginal cost of abatement for these sources will be higher than for sources covered 
by the cap. 


” Note that S. 1733 gives the EPA Administrator discretion to set performance standards for uncapped 
sources after 2020, which could affect the availability of offsets from these sectors. Previous EPA 
modeling of climate legislation has generally assumed that such discretionary options are not exercised. 
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Domestic Agriculture and Forestry Offset Provisions 

The domestic offset provisions in S.1733 are unchanged from H.R. 2454 in regard to their 
treatment of agriculture and forestry offsets. EPA’s analysis uses the FASOM model 
because it is the only agricultural sector model that supports a comprehensive analysis of 
dynamic physical and economic responses to carbon policy. FASOM includes three 
important feedback effects: potential revenue from sale of offsets, producer response to 
changing input costs, and consumer demand responsiveness. FASOM features a broad range 
of offset-generating activities. Specifically, EPA estimates that 100 million metric tons of 
carbon could be sequestered by 2040 in agricultural soils alone. Overall, agricultural 
producer’s surplus increases by 14% (in annuity terms) over the full period of analysis. 

EPA’s analysis of H.R. 2454 is intended to provide an estimate of domestic offset supply; it 
is not meant to prejudge what sources would be eligible for offsets. Several independent and 
follow-on studies have been recently undertaken to provide more detailed domestic 
agricultural and forestry results. In addition, the FASOM model has been updated over the 
summer (Baker et al., forthcoming). Baker et al. (forthcoming) use the updated FASOM 
model, and their results show roughly twice as much carbon offset potential in agriculture 
compared to the March 2009 FASOM analysis on which EPA based its analysis of H.R. 
2454, though the authors have not attempted to model specific eligibility or administrative 
issues. Baker et al. analyze results for crop and livestock producers across ten regions under 
three pricing levels, for a total of 120 combinations, and find all but 6 combinations yield net 
income increases. Summing the impacts to producers, processors, and consumers, the U.S. 
agriculture sector receives net annualized benefits of $1.2 billion - $18.8 billion. We expect 
that incorporating the updated FASOM results would result in greater domestic offset use yet 
remain below the revised limits on domestic offset use in both H.R. 2454 and S.1733. 


International Offset Supply Estimates 

EPA’s analysis of H.R. 2454 used marginal abatement cost curves representing 
international abatement opportunities. The international non-C02 and terrestrial sinks 
abatement schedules were generated by first making assumptions about when developed 
and developing countries adopt climate policy; second, for each mitigation option a 
determination was made, dependent on whether or not the source country was assumed to 
have adopted binding caps, regarding potential eligibility for a future U.S. mitigation 
program, or in some cases applying a uniform adjustment;”' third, separate offset 
mitigation cost schedules were constructed with eligible or adjusted options for 
developed and developing countries. International energy-related CO 2 abatement 
schedules were developed using the MiniCAM model. Specifically, the model was run 
using the reference case developed for the U.S. Climate Change Science Program 
Synthesis and Assessment Product 2.1a (“CCSP SAP 2.1a,” US CCSP, 2006). 
International forestry related mitigation schedules were generated using the Global 
Timber Model. 


This determination of eligibility was not determined for methane from the natural gas and oil sectors, so 
uniform adjustments were applied. 
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In addition to generating the supply curve for international abatement, it is necessary to 
determine what the competing demand is for international abatement. This will determine 
how many international offsets are available for U.S. sources to purchase. Determining 
demand requires assumptions about the reference case emissions of developed and 
developing countries, and assumptions about the climate policies adopted by other 
countries. Greater reference case emissions growth, or tighter caps on emissions in other 
countries, increases international demand for abatement, and thus will drive up the price 
of international offsets, resulting in less U.S. reliance on them, all else being equal. This 
may result in greater use of domestic offsets. See the "international actions ' section 
below that discusses how differing assumptions about international actions impact the 
results of the HR 2454 analysis. Also see the "sensitivities on offset availability ’ section 
below for a discussion of how differing assumptions about the availability of offsets, 
particularly international offsets, impact the estimated costs of climate policy. 


Banking and Borrowing 

Both H.R. 2454 and S. 1733 allow for unlimited banking of allowances, and some limited 
borrowing of allowances. Banking allowances allows covered entities to over-comply in 
the early years of the program so that covered greenhouse gas emissions, accounting for 
offsets, are below the cap. In the later, years the bank of allowances that has been built 
up can be drawn down so that covered greenhouse gas emissions, again accounting for 
offsets, are above the cap. While the cap is not met exactly in any given year, over time 
cumulative covered greenhouse gas emissions are equal to the cumulative cap. 

Because of the option to bank allowances, the rate of return for holding allowances is 
expected to equalize with the rate of return from other available investments. For 
modeling purposes, this means that the allowance price will grow at an exogenously set 
interest rate. If instead the allowance price were rising faster than the interest rate, firms 
would have an incentive to increase abatement in order to hold onto their allowances, 
which would be earning a return better than the market interest rate. This would have the 
effect of increasing allowance prices in the present, and decreasing allowance prices in 
the future. Conversely, if the allowance price were rising slower than the interest rate, 
firms would have an incentive to draw down their bank of allowances, and use the money 
that would have been spent on abatement for alternative investments that earn the market 
rate of return. This behavior would decrease prices in the present and increase prices in 
the future. Because of these arbitrage opportunities, the allowance price is expected to 
rise at the interest rate. 

In EPA’s analyses a 5% interest rate is used for banking. For comparison, in the five 
models that participated in the Energy Modeling Forum 22 U.S. transition scenarios 
study," the interest rate used for banking ranged from 4 to 5 percent (Fawcett, et al.. 


” The Applied Dynamic Analysis of the Global Economy model (ADAGE) from the Research Triangle 
Institute; the Emissions Predictions and Policy Analysis model (EPPA) from the Massachusetts Institute of 
Technology; the Model for Emissions Reductions in the Global Environment (MERGE), from the Electric 
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forthcoming). In EIA’s analyses of H.R. 2454 and other climate bills, the NEMS model 
uses a 7.4 percent interest rate for banking reflecting the average cost of capital in the 
electric power sector (EIA 2009). CBO’s analyses of H.R. 2454 uses 5.6 percent as the 
interest rate for banking reflecting the after-tax long-run inflation-adjusted rate of return 
to capital in the U.S. nonfmancial corporate sector (CBO 2009). Thus, all else being 
equal, models that use a lower interest rate for banking show greater amount of banking, 
higher allowance prices in the early years as the bank is growing, and lower allowance 
prices in the later years as the bank is being drawn down. 


Strategic Reserve / Market Stability Reserve 

Both H.R. 2454 and S. 1 733 set aside a portion of allowances to establish a reserve pool 
of allowances that are made available at auction if allowance prices rise high enough. 
Auction revenues from selling these reserve allowances can then be used to purchase 
offsets that are used to refill the reserve. These provisions are designed to contain price 
volatility, control costs, or both, depending on the specifics of the provisions. EPA has 
not assessed their ability to accomplish these stated goals. However, we do discuss the 
key differences between how these reserves are designed in H.R. 2454 and S. 1733 
below. 

The market stability reserve established in S. 1 733 differs in important ways from the 
strategic reserve described in H.R. 2454. A key difference is that a greater number of 
allowances are taken out of the cap and placed in the reserve under S. 1 733, as indicated 
in the table 2 below. 

Table 2: Strategic / Market Stability Reserve Allocations 



HR. 2454 

S. 1733 

2012-2019 

1% 

2% 

2020-2029 

2% 

3% 

2030 - 2050 

3% 

3% 


Cumulatively over 2012 — 2050, H.R. 2454 places 2.7 billion allowances in the strategic 
reserve, representing 2.1% of total allowances, while S. 1733 places 3.5 billion 
allowances in the market stability reserve representing 2.7% of total allowances. If 
allowance prices remain low and the minimum prices for releasing allowances from the 
reserves are not met, then the existence of the reserve has the effect of tightening the cap 
(see figure 2 below) and raising allowance prices. 

While EPA did not model the strategic reserve mechanism in its analysis of H.R 2454, 
subsequent modeling has shown that including the reserve would increase allowance 
prices by approximately 1% in all years from the allowance price in the core scenario of 


Power Research Institute; MiniCAM, from the Pacific Northwest National Laboratory / Joint Global 
Change Research Institute; the Multi-Region National Model - North American Electricity and 
Environment Model (MRN-NEEM), from Charles River Associates; and the Intertemporal General 
Equilibrium Model (IGEM), from Dale Jorgenson Associates 
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EPA’s H.R. 2454 analysis ($13/tC02e 2015; $16/tC02e in 2020), and also increase the 
usage of international offsets. Because S. 1733 places a greater percentage of allowances 
in the reserve, it would result in a slightly larger increase in allowance prices in a 
scenario where allowance prices remain low enough that the reserve allowances are not 
purchased. For context, the change in the 2020 cap from 1 7% (H.R. 2454) to 20% (S. 
1733 and Waxman Markey discussion draft) below 2005 levels reduces the cumulative 
number of allowances by 1 .6 billion tons, and increases allowance prices by 
approximately one percent. The change in the allocation to the reserve in S. 1733 
compared to H.R. 2454 reserves an additional 0.8 billion tons, and thus should have a 
smaller impact on allowance prices. 


Figure 2 -S. 1 733 Cap Levels with and without Market Stability Reserve 



Another major change is how the minimum reserve price is set. H.R. 2454 sets the 
minimum reserve price at $28 (in constant 2009 dollars) in 2012, and the price rises at a 
real rate of 5 percent through 2014. Starting in 2015, the minimum reserve price is set at 
60 percent above the 36-month rolling average of that year’s emissions allowance 
vintage. This way of setting the minimum reserve price allows the reserve to be triggered 
when price volatility leads to suddenly high prices; however, sustained non-volatile high 
allowance prices would not trigger the reserve. The strategic reserve in H.R. 2454 is 
primarily designed to address price volatility and not cost containment in general. This 
approach does not provide meaningful price certainty to inform business planning. 

In contrast, S. 1733 sets the minimum reserve price at $28 (in constant 2005 dollars) in 
20 1 2 rising at a real rate of 5 percent through 20 1 7, then rising at a real rate of 7 percent 
thereafter. This change results in a predetermined minimum reserve price for every year, 
which can be met either by high allowance prices caused by price volatility, or by 
sustained non-volatile allowance prices. The market stability reserve in S. 1733 is 
designed to address both price volatility and cost containment in general. This approach 


EPA Analysis of S. 1733 


11 




666 


provides better price certainty, although the price ceiling is not binding, depending on the 
outcome of the reserve auctions. Figure 3 below shows the minimum reserve price for S. 
1733 with the estimated allowance price from H.R. 2454 for comparison. Note that the 
figure does not depict the minimum reserve price for H.R. 2454, as that price will vary 
depending on the realized allowance price. 

Figure 3 -S. 1 733 Market Stability Reserve 



S. 1733 Market Stability Reserve Price 

H.R. 2454 Allowance Price (ADAGE Core Scenario) 


S. 1733 places limits on the number of reserve allowances that may be auctioned in each 
year. The limits are equal to 15% of the cap from 2012-2016 and 25% of the cap 
thereafter. These limits allow for the initial allowances placed in the reserve to be used 
very quickly. For example, if the minimum reserve price was reached immediately in 
2012, and allowances were sold from the reserve up to the limit, then all of the 3.5 billion 
allowances initially placed in the reserve would be used by 2016. 

If allowance prices are above the minimum reserve price, then the ability of the reserve to 
contain prices depends on the ability of the government to refill the reserve. If only the 
allowances initially placed in the reserve are auctioned, then the reserve will simply make 
allowances that were allocated to the reserve in later years available instead in early 
years, without any impact on the cumulative number of allowances available. This will 
have no impact on modeled allowance prices. If the reserve can be refilled, then 
auctioning these refilled reserve allowances would increase the amount of greenhouse gas 
emissions a covered entity could emit eompared to a scenario with no reserve in the first 
place, and thus have the potential to reduce allowance prices. 

S. 1733 allows reserve auction revenues to be used to purchase domestic and 
international offset credits that would be retired to create additional allowances to be 
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auctioned under the market stability reserve. If offset credits are available for a price 
lower than the minimum reserve price, then they can be purchased to refill the reserve 
and help contain allowance prices. This situation would primarily be expected to hold 
when the limits placed on domestic or international offset usage are binding so that the 
market clearing offset price is lower than the allowance price. However, EPA’s 
modeling has shown that the scenarios with the highest allowance prices generally have 
limits on the availability of technology and the availability of offsets. If offsets are not 
available for purchase through the offset market, resulting in high allowance prices, it is 
likely that they would also not be available to refill the market stability reserve. This, in 
turn, implies a limited ability of the strategic reserve to protect against sustained higher 
allowance prices when offset availability is limited. 


Energy Efficiency Provisions 

In EPA’s analysis of H.R. 2454, three areas of energy efficiency provisions were addressed: 
building codes, energy efficiency-related allowance allocations, and the energy savings 
component of the Combined Efficiency and Renewable Electricity Standard (CERES). For 
modeling purposes, we assumed that one quarter of the CERES requirement would be met 
through electricity savings.'^ EPA did not model several other sections of the energy 
efficiency provisions, including lighting and appliance standards, smart grid advancement, 
industrial energy efficiency programs, and improvements in energy savings performance 
contracting.'^ It is also worth noting that in EPA’s analysis of H.R. 2454 the energy savings 
and associated costs of the energy efficiency provisions are estimated outside of ADAGE and 
imposed exogenously into our policy scenarios. Thus, certain interactions may not be fully 
accounted for in EPA’s analysis. Specifically, some overlap may exist between the estimate 
of impacts driven by the energy efficiency provisions and the price response-driven energy 
efficiency investments reflected within ADAGE. 

Like H.R. 2454, S. 1733 includes a building codes provision and energy efficiency-related 
allowance allocations. However it does not include any provision comparable to the CERES 
of H.R. 2454. Unlike H.R. 2454, the building codes provision in S. 1733 does not specify 
target levels of reductions in energy use, federal authority to implement, or federal ability to 
withhold allowance allocations for non-compliance. Instead, the provision directs EPA, or 
another designated agency, to establish targets through rulemaking and does not provide for 
federal implementation or withholding of allowance allocations. The energy efficiency- 


The CERES requires retail electric suppliers to meet a growing percentage of their load with electricity 
generated from renewable resources and electricity savings. It begins at 6% in 2012 and gradually rises to 20% 
in 2020. One quarter of the requirement may be met through electricity savings. Upon petition by a state’s 
governor up to 40% of the requirement may be met through electricity savings. 

Building codes are in Sec. 201; energy efficiency-related allowance allocations are specified in Sec. 321; and 
the Combined Efficiency and Renewable Electricity Standard (CERES) is specified in Sec. 101 of H.R. 2454. 
Lighting and appliance standards are in Sec. 211-219; smart grid advancement is in Sec. 141-146; industrial 
energy efficiency programs are in Sec. 241-245; and improvements in energy savings performance contracting 
are specified in Sec. 251. 
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related allowance allocations in S. 1733 (specified to EPA by Senate Environment and Pub: 
Works Committee Staff) are very similar to those in H.R. 2454 except for the impact of the 
increase in allowances taken off-the-top for the strategic reserve and deficit neutrality. This 
effect reduces the energy efficiency-related allowance allocations by approximately 1 1% 
through 2029, 22% from 2030-2039, and 25% thereafter. The percentage allocations (befoi 
accounting for the impact of the off-the-top allocations) to natural gas, and home heating oi 
and propane consumers, as well as the minimum proportions that are required to be used fo 
energy efficiency, are identical to those in H.R. 2454. Similarly, the allocations to state anc 
local investment in energy efficiency and renewable energy and associated restrictions on 
uses are similar to those in H.R. 2454 on a percentage basis before accounting for the off-th 
top allocations. 

In total, because there is no provision comparable to the CERES in H.R. 2454, the building 
codes provision does not specify target energy use reduction levels or provide federal 
authorities to ensure compliance, and the energy efficiency-related allowance allocations ar 
lower, EPA expects the impacts (e.g., changes in energy demand and prices) of energy 
efficiency provisions in S. 1733 to be approximately half those estimated in our analysis of 
H.R. 2454 . Specifically, the effects of these three areas of energy efficiency provisions are 
included in EPA’s core policy scenario of H.R. 2454 and the combined effects of these 
provisions are highlighted through the “without energy efficiency provisions” scenario that 
removes them from the core policy scenario. The resulting modeled economic impacts of tl 
energy efficiency provisions include modest reductions in allowance prices (~1.5%), fossil 
fuel prices (coal and natural gas -1%), and electricity prices (<1%) from 2015-2050. 


Incentives for CCS 

Both H.R. 2454 and S. 1733 contain considerable financial incentives for carbon capture 
and storage (CCS) on new and existing facilities, as shown in table 3 below. The 
proposals each contain about $10 billion ($1 billion per year over ten years) for 
demonstration and early deployment of the technology in addition to bonus allowances 
that are awarded to early projects based upon the amount of CO 2 that is captured and 
sequestered. The early deployment funding is raised from fees on electricity sales. The 
bonus allowance pool under H.R. 2454 can award up to 5.32 billion allowances over the 
life of the program and 4.19 billion allowances under S. 1 733. Fewer bonus allowances 
are available under S. 1733 due to that bill’s more stringent 2020 cap, its allocation of a 
larger share of overall allowances to the market stability reserve, and its use of a larger 
share of overall allowances for deficit reduction. However, that difference does not 
necessarily translate to an equivalent difference between the bills in the aggregate 
monetary support for CCS or the effect on overall CCS deployment, for reasons 
described below. 


Note that the only analysis of the impact of the CERES on driving increased renewable electricity 
generation was conducted as a side case to the electricity sector modeling and not modeled within the core 
ADAGE policy case. 
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The CCS bonus is a monetary incentive for each ton of CO 2 sequestered, given in the 
form of allowances from the (limited) bonus pool. Thus, the number of allowances 
granted per ton of CO 2 sequestered is a function of the allowance price and the bill’s per- 
ton monetary incentive. Under both H.R. 2454 and S, 1 733, a pre-determined fixed per- 
ton value is given for the earliest projects up to a certain capacity threshold (referred to as 
a “tranche”). Subsequent projects must participate in a reverse auction approach where 
participants’ bids help to determine the appropriate per-ton value that maximizes CCS 
deployment until the bonus allowance pool runs out. The per-ton value structure of the 
bonus in S. 1733 differs from H.R. 2454 whereby fixed per-ton values remain in effect 
for a larger share of initial CCS capacity (until 20 GW of capacity is built under S. 1733 
versus 6 GW in H.R. 2454). 


T able 3: Incentives for CCS 






. » ' H.R.2454 

S. 1733 




Early Deployment 

$1 billion annually 
for 1 0 years 

$1 billion annually 
for 1 0 years 

Total Bonus Pool i 

5.32 Billion 

4.19 Billion 

1** Tranche'’ \ 

$90/ton for first 6 GW + 

$ 10/ton built before 2017 

$96/ton for first 1 0 GW + 

$ 10/ton built before 2017 

2"“ Tranche 

Reverse Auction 

$85/ton for next 10 GW 

3"* Tranche 

N/A 

Reverse Auction 


Note: bonus amount is for 90% capture. Lesser capture rates receive smaller bonus values. 


It is possible that with a larger tranche of initial projects eligible for a fixed per-ton value 
incentive, S. 1733 may accelerate the deployment of CCS.' However, if the fixed per- 
ton values are higher than the market would accept to make all of those initial projects 
economic, the pool of bonus allowances will be exhausted earlier and will result in less 
total CCS purely arising from the bonus incentive. There are other factors that may act to 
increase CCS deployment under S. 1733, such as higher allowance prices and higher 
demand for electricity. In addition, by accelerating the early deployment of CCS 
technology, there could be some learning-by-doing that assists with accelerating the 
commercial viability of CCS. 


S. 1733 made changes to the definition of capacity that determines the thresholds for each tranche to 
apply to the “treated generating capacity” (Sec. 786) instead of the total capacity of the eligible generating 
unit under H.R. 2454. This would have no effect on EPA modeling. 

This approach is most likely intended to address risk rather than cost minimization and/or optimization, 
and so it may not be reflected in EPA modeling. 
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Energy Intensive / Trade Exposed Output Based Rebate Provisions 

Both H.R. 2454 and S. 1733 establish output based rebates of allowances for covered 
entities that are both energy intensive and trade exposed (EI/TE). S. 1733 establishes 
rebates for EI/TE sectors, equal to the product of firm output, an industry average 
emissions factor, and the allowance price The eligibility criteria, language describing the 
rebate calculation, and phase-out schedule are mostly unchanged from H.R. 2454. The 
changes that have been made include changing the base year for the calculation of 
industry average emissions factors, and adding additional details about the way averages 
are calculated. The ADAGE model aggregates energy intensive manufacturing sectors in 
such a way that it masks the distinctions that might be supported by this language. The 
changed language would not affect the modeled costs of the bill or the modeled impacts 
on EI/TE sectors. 

The ET/TE sectors would be affected by other provisions of S. 1733 that impact 
allowance prices. An analysis of the impacts of the EI/TE provisions under S. 1733 
would be somewhat different than the analysis under H.R. 2454 because of the different 
cap and other changes that would affect allowance market conditions (e.g., larger 
amounts of allowances allocated off-the-top to the strategic reserve and deficit neutrality, 
and the alternative assumptions about international actions discussed below). These 
changes would likely have a relatively small impact on allowance prices and the overall 
costs of the policy. 


Allocations 

The initially released version of S. 1733 did not include information on the percentage of 
allowances allocated to or auctioned for various purposes. However, Senate 
Environmental and Public Works Committee staff have provided details on the allocation 
and auction percentages to EPA, and these details are expected to be included in the 
version of S. 1733 that will be introduced in committee. Some of the changes to 
allocations that impact specific provisions (e.g., energy efficiency allocations and reserve 
allowance allocations) are discussed above along with the likely impact the change will 
have on costs. One important change to note is that S. 1 733 devotes a much greater 
portion of allowance to deficit reduction. S. 1733 auctions 10 percent of allowances for 
the purpose of deficit reduction from 2012 - 2029, 22% from 2030 - 2039, and 25% from 
2040 - 2050. For comparison H.R. 2454 auctioned 1 3% of current vintage allowance for 
deficit reduction in 2012 and 2013 and approximately 1% from 2014-2025; in addition, 
from 2014 to 2020 it auctioned a number of future vintage allowances equal to 10% to 
14% of cap levels. H.R. 2454 did not auction allowances for deficit reduction after 2025. 
However, EPA has a limited ability to evaluate the impact of such changes on modeled 
costs across proposals unless the changes result in behavioral change. This is because the 
models used by EPA are calibrated to deficit neutrality. As such, S. 1733 will bring the 
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modeled costs of the policy closer to the truer measure of overall costs. Estimates of 
allowance prices and household costs will not be significantly affected by this change. 


Summary of Economic Impacts 

This paper has presented an assessment of how individual differences between S. 1733 
and H.R. 2454 are expected to influence the costs of the bill. These assessments have 
drawn upon existing modeling by EPA that used the full computable general equilibrium 
models (ADAGE and IGEM), as well as modeling that used reduced form versions of 
EPA’s models, and have focused on the effect the differences have on allowance prices 
and costs. It is likely that the full suite of EPA models would show that the impacts of S. 
1 733 would be similar to those that were estimated for H.R. 2454. We therefore 
summarize the main results from our analysis of H.R. 2454 in table 4 below. 


Table 4: Summary of Economic Impacts of H.R. 2454'^ 




2015 

2020 

2030 

2050 

Allowance Price 
(S/tCOje) 

Core scenario 

$13 

$16 

$26-$27 

$69-$70 

Range across 
all scenarios 



$26-$49 

$69-$ 130 

Undiscounted 
household consumption 
loss, relative to no policy 
case, core scenario 

Percent 

0.03%-0.08% 

0.10-0.11% 

0.31-0.30% 

0.76-0.78% 

Dollars per day 

$0.06-$0.19 

$0.23-$0.29 

$0.76-$1.00 

$2.50-$3.52 

Percentage increase in 
household consumption 
increase from 2010 

No policy case 



31-41% 

71-96% 

Core scenario 




69-94% 

Electricity price 
increase, relative to no 
policy case 

Percent 

unchanged 

unchanged 

13% 


Household energy 
expenditure increase, 
relative to no policy 
case 

Percent 

increase 

(decrease) 





Share of low- or zero- 
carbon primary energy 





lllllllllll[^^ 





Hi 


EPA’s analysis of H.R. 2454 shows that the bill would transform the structure of energy 
production and consumption, moving the economy from one that is relatively energy 
inefficient and dependent on highly-polluting energy production to one that is highly 

Ranges shown for the core policy run reflect the values for the two CGE models (ADAGE and IGEM) 
used in the EPA analysis of H.R. 2454. This range only reflects the differences in the models, and does not 
reflect the other scenarios or additional uncertainties.. 
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energy efficient and powered by advanced, cleaner, and more domestically-sourced 
energy. Increased energy efficiency and reduced demand for energy resulting from the 
policy mean that energy consumption levels that would be reached in 20 1 5 without the 
policy are not reached until 2040 with the policy. The share of low- or zero-carbon 
primary energy (including nuclear, renewables, and CCS) would rise substantially under 
the policy to 18% of primary energy by 2020, 26% by 2030, and to 38% by 2050, 
whereas without the policy the share would remain steady at 1 4%. increased energy 
efficiency and reduced energy demand would simultaneously reduce primary energy 
needs by 7% in 2020, 10% in 2030, and 12% in 2050. Petroleum primary energy use 
declines by 0.4 million barrels per day in 2020, 0.7 million barrels per day in 2030, and 
1.6 million barrels per day in 2050. Electric power supply and use, and offsets represent 
the largest sources of emissions abatement under H.R. 2454. 

Electric power supply and use are an important part of achieving emission reductions 
under cap-and-trade programs and are likely to represent the largest source of emissions 
abatement under S. 1733, based upon previous EPA modeling. The power sector is a 
large source of cost-effective emission reductions, driven by the long-term caps placed on 
emissions of greenhouse gases and the resulting price signal, which transforms the nature 
of electric supply from higher-emitting technologies to lower- and non-emitting 
technologies like renewables, nuclear, and coal with CCS technology. Where perceived 
by consumers, the price signal also encourages improvements in end-use energy 
efficiency. By 2050, most fossil electricity generation would be capturing and storing 
CO 2 emissions and the power sector would largely be de-carbonized. 

The timing and magnitude of the reductions within this sector largely depend on the 
existing coal fleet, which provides almost 50% of our nation’s electricity. The allowance 
price is the most critical element, and much of the existing fleet remains economic at CO 2 
prices below $20 per ton. Additional policies and incentives beyond the pure cap-and- 
trade program, such as CCS bonus provisions or aggressive renewable generation 
requirements, can reduce the economic impact of the program on the existing coal fleet 
by lowering the allowance price. However, unless these policies are targeted to 
overcome specific market failures (such as suboptimal private investment in research and 
development), such provisions are likely to increase the overall costs of achieving 
emission reductions. 

In the core scenario of EPA’s analysis of H.R. 2454 estimated allowance prices were 
$13/tC02e in 2015 and $16/tC02e in 2020. Across scenarios, the allowance price ranged 
from $13 to $24/tC02e in 2015 and from $16 to $30/tCO2e in 2020. 

EPA estimated that H.R. 2454 would have a relatively modest impact on U.S. consumers 
assuming the bulk of revenues from the program are returned to households. With or 
without H.R. 2454, household consumption will continue to grow. Average household 
consumption is reduced by less than one percent in all years relative to the no policy case. 
On per household basis, these costs are $0.23 to $0.29 per day in 2020 and $0.76 to $1.00 
per day in 2030. The average annual household consumption loss, calculated as the 
annual net present value cost per household with a discount rate of 5% and averaged over 
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the 2010-2050 time period, is estimated to be $80 to $1 i 1 dollars per year relative to the 
no policy case. This represents 0.1 to 0.2 percent of household consumption. These 
costs include the effects of higher energy prices, price changes for other goods and 
services, impacts on wages and returns to capital. Cost estimates also reflect the value of 
some of the emissions allowances returned to households, which offsets much of the cap- 
and-trade program’s effect on household consumption. The cost estimates do not account 
for the benefits of avoiding the effects of climate change. A policy that failed to return 
revenues from the program to consumers would lead to substantially larger losses in 
consumption. 

In the core scenario of EPA’s H.R. 2454 analysis, electricity prices are unchanged in 
2020 due to the assumption that allocations to LDCs are used to prevent electricity price 
increases. In 2030, due to the phase out of the LDC allocation, the electricity price is 
estimated to increase by 1 3% relative to the reference scenario. Actual household energy 
expenditures increase by a lesser amount due to reduced demand for energy. In 2020, the 
average household’s energy expenditures (excluding motor gasoline) are estimated to 
decrease by 7% relative to the reference scenario, and in 2030 household energy 
expenditures are estimated to increase by 2%. In ADAGE, energy expenditures represent 
approximately 2% of total consumption in 2020, falling to 1% by 2050 in all scenarios. 

The economic literature shows small variations in the gross costs of climate policy across 
regions. Data from two recent economic studies, published by researchers at the National 
Bureau of Economic Research (NBER) and Resources for the Future (RFF), both indicate 
that differences in gross cost by region are modest. These studies did not specifically 
examine the allowance allocation provisions of H.R. 2454. Thus, the comparisons 
displayed ignore the cost-mitigating effects of those provisions. The NBER study finds 
only small regional differences. The increase in households’ spending would range from 
1.9% of annual income (East South Central region) to 1.5% (West North Central Region) 
(Hassett, et al., 2008). The RFF study also finds only small regional differences. The 
increase in households’ spending would range from 1 .6% of annual income (Ohio 
Valley) to 1 .3% (California, New York, and the Northwest) (Burtraw, et al., 2009). 


Importance of Modeling Assumptions 

All analyses of climate change legislation must make assumptions, and these assumptions 
will inevitably impact the estimated costs of the legislation. Assumptions about 
economic growth in the reference case will influence the resulting emissions in the 
reference case, and determine the amount of abatement required to comply with the cap.'* 
Assumptions about the cost and availability of technology influence estimates of the 
marginal cost of abatement from covered sources. Assumptions about the cost and 
availability of offsets influence the amount of abatement from non-covered sources that 
can be used to reduce the amount of abatement from covered sources. Assumptions 


Fawcett et al., forthcoming, discusses how reference case emissions growth influences the cost estimates 
from the five models that participated in the Stanford Energy Modeling Form 22 U.S. transition scenarios 
study. 
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about climate policies adopted by other countries influence the cost and availability of 
international offsets, as well as the cost of globally traded energy goods. All of these 
assumptions will influence the estimated cost of climate policy. Most analyses of climate 
legislation contain multiple scenarios designed to highlight the assumptions and policy 
design choices that influence the estimated cost of the policy. In this section we discuss 
some sensitivity scenarios that highlight these important assumptions and uncertainties. 

Sensitivities on Offset Availability 

There are many institutional design issues, including the measurement, monitoring, 
reporting and verification requirements, surrounding estimates of offset availability. 

These issues must be addressed to ensure that the offset reductions are truly incremental, 
and represent real reductions. The EPA analysis of H.R. 2454 assumes that the 
institutions are put in place to process the domestic and international offsets needed to 
realize reductions on the magnitude shown in the analysis. Additionally, the cost and 
availability of offsets, particularly international offsets, is one of the greatest uncertainties 
in forecasting the cost of climate legislation. The U.S. will not be the only buyer of 
international offset credits, and the price of those credits will depend greatly on the 
competing demand for those credits. The stringency of climate policies adopted by other 
countries, the types of restrictions they place on international offset credits, and their 
expected reference case emissions growth all will influence the competing demand for 
international offset credits and the resulting price. Additionally, there is uncertainty on 
the supply side for both domestic and international credits that will influence the cost and 
availability of offsets. 

All analyses that have looked at the issue have shown that the availability of offsets is 
one of the most important factors influencing allowance prices. EPA’s analyses of the 
Waxman-Markey discussion draft and of H.R. 2454 showed that eliminating international 
offsets increased allowance prices by 96 and 89 percent respectively (EPA 2009a,b). 
MIT’s analysis of H.R. 2454 examined two cases: a full offsets case with the full two 
billon metric tons of offsets available in each year, and a medium offsets case where the 
amount of available offsets ramp up linearly from zero in 2012 to the full two billon tons 
in 2050. The MIT analysis showed that the allowance price in the medium offsets case 
was 1 93 percent higher than the allowance price in the full offset case (MIT 2009). 

EIA’s analysis of H.R. 2454 showed that compared to their ‘basic’ case,'^ the ‘high 
offsets’ case reduced allowance prices by 35 percent, and the ‘no international offsets’ 
case increased allowance prices by 64% (EIA 2009). 

Offsets can have such a large impact on allowance price because, if they are able to 
provide low cost abatement from uncovered sources, they have the potential to greatly 
reduce the amount of emissions reductions needed from covered sources. The caps in S. 
1733 allow covered sources to emit 131 GtC02e cumulatively from 2012 through 2050. 

If the two billion tons of offsets allowed annually under H.R. 2454 were all used. 


It should be noted that in EIA’s analysis of H.R. 2454, their ‘basic’ case allowed fewer offsets than were 
used in the core case of EPA’s analysis of H.R. 2454. 
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cumulative emissions from covered sources would be allowed to be 60 percent (78 
GtC 02 e) higher. 

Both H.R. 2454 and S. 1733 allow for unlimited banking of allowances, and most 
modeling of H.R. 2454 assumes that banking does indeed occur. Because of the 
possibility of banking, the cumulative number of offsets available over the entire time 
horizon drives how the availability of offsets influences allowance prices, not the 
particular time path of when that cumulative amount of offsets is available. EPA’s 
analysis of H.R. 2454 showed that delaying international offsets availability by 10 years 
resulted in only a three percent increase in allowance prices, because the cumulative 
amount of international offsets used was only reduced by four percent as a result of the 
1 0 year delay, and firms would respond by banking fewer allowances in the near term 
and using more offsets in the years after they became available. It is important to note 
that these results are premised on optimal banking behavior over a 40-year period. Any 
restrictions on banking, limitations to credit to enable banking, or myopia (not looking 
beyond next 20 years would be sufficient myopia), would alter these results. 

Technology Sensitivities 

Another major source of uncertainty about the costs of climate change legislation is the 
cost and availability of low or zero-carbon technologies. Many analyses include 
sensitivities on the penetration of key technologies. In EPA’s analysis of H.R. 2454, 
limiting nuclear power to reference case levels increased allowance prices by 15 percent 
relative to the core scenario. In EIA’s analysis of H.R. 2454 the ‘high cost’ case, which 
assumed that the costs of nuclear, fossil with CCS, and biomass generating technologies 
are 50 percent higher than in the ‘basic’ case, had an allowance price 12 percent higher 
than the ‘basic’ case. In both of these analyses, the allowance price increases resulting 
from the restricted or high cost technology scenarios was somewhat dampened by the 
ability to increase the usage of offsets. The uncertainties surrounding the penetration of 
key technologies involve technical uncertainties about the cost and performance of new 
technologies, political uncertainties about the regulatory infrastructure required to license 
and permit the technologies, as well as uncertainties about the public’s willingness to 
accept the expansion of technologies such as nuclear power and coal with CCS. 

High Cast Scenarios 

The highest cost scenarios included in various modeling efforts generally involve both 
restrictions on offsets and limitations on technology. In EIA’s analysis of H.R. 2454, the 
‘no international / limited’ case combines the offsets limits and high technology costs 
from their ‘no international offsets’ and ‘high cost’ cases. In this scenario, allowance 
prices are 1 94 percent higher than in the ‘basic’ case. This increase is significantly 
greater than when just technology is restricted, as offset usage can no longer increase to 
make up for the higher cost of abatement within covered sectors. EPA’s past analyses 
show a similar result, where eliminating international offsets and restricting nuclear and 
CCS technologies significantly increases allowance prices (e.g., over 180 percent). The 
high allowance prices would increase the price U.S. firms would be willing to pay for 
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international offset credits and make it more likely that international offset credits would 
be available. These scenarios are intended to represent the upper range of costs and can 
be included in analyses as part as a range of sensitivities designed to highlight important 
uncertainties and drivers of costs. 

International Action 

One development since EPA conducted its analysis of H.R. 2454 is that at the July 9, 
2009 Major Economies Forum, “the G8 leaders agreed to reduce their emissions 80% or 
more by 2050 as its share of a global goal to lower emissions 50% by 2050, 
acknowledging the broad scientific view that warming should be limited to no more than 
two degrees Celsius.” A set of international policy assumptions that is consistent with 
the G8 agreement is as follows: 

o Developed countries follow an allowance path that falls linearly from the Kyoto 
Protocol emissions levels in 2012 to 83% below 2005 in 2050. 
o Developing countries adopt a policy beginning in 2025 that caps emissions at 2015 
levels, and linearly reduces emissions to 26% below 2005 levels by 2050. 
oThe combination of U.S., developed, and developing country actions caps 2050 
emissions at 50% below 2005 levels. 

This is a more stringent policy internationally than what was assumed in EPA’s analysis 
of H.R. 2454, which were based on the international policy assumptions used in the 2007 
MIT report, “Assessment of U.S. Cap-and-Trade Proposals.” Figure 4 below depicts the 
cap levels in both sets of international policy assumptions for non-U. S. developed 
countries and developing countries, along with the total world emissions that result from 
the developed and developing country caps along with U.S. action. 


Figure 4 -MIT and G8 International Climate Policy Assumptions 
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While this change in assumptions about climate change policies adopted by other 
countries is not a change to the bill, assuming that these international goals are met would 
affect the cost of both H.R. 2454 and S. 1733 in much more substantial ways than any 
differences in the bills themselves. The tighter caps assumed for other countries under 
the G8 agreement would increase their demand for GHG abatement, and thus raise the 
price for international offset credits. Adopting these new assumptions about international 
action would likely raise EPA’s projected price of international offsets by approximately 
one quarter, and also significantly reduce the amount of international offsets purchased 
domestically. This increase in the price of international offsets would also result in an 
equivalent increase in domestic allowance prices. Note that more aggressive 
international action, while raising the cost of the U.S. climate policy, also benefits the 
U.S. because it leads to more global greenhouse gas reductions, resulting in smaller 
increases in temperature. Additionally, seriously engaging our trade partners, as 
envisioned in the G8 statement, embodied in U.S. international climate policy, and 
reflected in the latest modeling analyses, should decrease estimated leakage impacts. 


Distributional Impacts 

The way in which allowances are allocated (auctioned or given away) and how any 
revenues are used affect the distribution of costs of a GHG cap-and-trade policy across 
households. For example, the free distribution of allowances to firms tends to be very 
regressive: higher income households are less affected and may even be made better off, 
while lower income households could be worse off under a policy that distributes most or 
all allowances to industry. This is because the asset value of the allowances flow to 
households in the form of increased stock values or capital gains, which are concentrated 
in higher-income households. Revenues can also be redistributed in the form of lower 
payroll or corporate taxes. Such methods of distributing allowances can lower the overall 
cost of the policy by reducing distortions in the economy due to taxation. However, they 
may also be regressive because corporate tax reductions benefit higher-income 
households, and the lowest-income households do not pay federal income taxes (though 
an approach that uses a combination of income tax reductions and per-capita rebates can 
be designed to be progressive). Auctioning allowances with per-capita lump-sum 
distribution of revenues to households is often the least regressive cap-and-trade policy 
analyzed and is usually shown to be progressive. 

Several recent cap-and-trade proposals (including H.R.2454 and S.1733) attempt to 
attenuate costs to households by allocating a percentage of allowances to consumers for 
free via local electricity distribution companies (LDCs). Because these allowances are 
allocated on the basis of electricity use, industrial, commercial, and residential consumers 
will benefit from electricity prices being kept low. However, this form of allowance 
allocation can dampen the price signal that induces consumers to conserve electricity, 
which increases the economy-wide cost of complying with the cap since greater emission 
reductions have to be achieved by other sectors of the economy. While electricity prices 
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do not rise as much with LDC allocations, consumers will face higher prices for other 
energy-intensive goods and services. 

The models EPA uses to analyze the costs of the policy assume there is one 
representative household, so distributional implications cannot be assessed directly within 
the general equilibrium framework. However, two recent studies have examined the 
incidence of costs across income classes of the cap-and-trade program in H.R.2454, 
which is similar in stringency and in the allocation of allowance value to S.1733 (C80, 
2009; Blonz and Burtraw, 2009). Before accounting for the way in which allowances are 
allocated or revenues are redistributed, these analyses show that the cap imposes higher 
welfare costs (as a percentage of household income) on lower income deciles. This is an 
expected result since lower income households spend a higher fraction of their incomes 
on energy-intensive goods. 

Accounting for the distribution of allowance value counteracts some of the welfare costs 
for all households and presents a different picture of the net welfare impacts of the policy 
across income groups. Both of these studies find an inverted U-shaped relationship 
between net welfare loss and income: lower income households are on net better off than 
without the policy and the wealthiest households bear a smaller burden or are virtually 
unaffected by the policy. The highest costs as a percentage of income are borne by 
middle to upper-middle income households. 

For example, Blonz and Burtraw (2009), aceount for 56 percent of emissions allowances 
in H.R.2454, including allowance value that is allocated to electricity and natural gas 
LDCs, home heating oil providers, and low-income families, find that in 2015 the benefit 
of these allowance allocation approaches more than offset the higher cost of goods and 
services resulting from the policy for households in the bottom two income deciles. The 
third and tenth income deciles experience a smaller net cost than the average household 
under the policy. It is the households in the middle to upper-middle income deciles that 
bear the highest costs as a portion of household income. A full accounting of allowance 
allocation would likely exacerbate the overall regressiveness of the policy since the 
undistributed allowance allocations are primarily allocations to industry, which will tend 
to benefit shareholders, most of whom are in the upper income deciles. 

The Congressional Budget Office accounts for a great share of the distribution of emission 
allowances and finds qualitatively similar results in their analysis of H.R. 2454. CBO (2009) 
estimates the loss in purchasing power^” that would be faced by households In each fifth 
(quintile) of the population arrayed by income (and adjusted for household size). In 2020, 

gain of about 0.7 percent of 

after-tax income, or about $125 measured at 2010 income levels. The largest loss would be 
experienced by households in the middle and fourth income quintile, about 0. 5-0.6 percent 
of income, or about $310-375 at 2010 income levels. Households in the highest income 


CBO calculates the loss in purchasing power as the costs of complying with the policy (including the cost 
of purchasing allowances and offsets, and of reducing emissions — costs that businesses would generally 
pass along to households in the form of higher prices) minus the compensation that would be received as a 
result of the policy. 
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quintile would see a small loss 

at 


Different methods of distributing the allowance value will yield different distributional 
results. For example, Blonz and Burtraw (2009) compare their analysis of H.R. 2454 to 
an alternative allocation of the same 56 percent of allowances in which the allocation to 
LDCs is limited to residential consumers of electricity and natural gas. The proposed 
allocation scheme on behalf of residential electricity and natural gas customers accounts 
for approximately 15 percent of allowance value, leaving the remaining 41 percent to be 
distributed as a per-capita dividend. They find this alternative would smooth out the 
burden across households while simultaneously lowering the overall costs for households 
in the third through ninth income deciles. The bottom two income deciles are still better 
off than in the no policy case. 

Analyzing a policy similar in stringency to H.R. 2454 and S. 1733, Burtraw et al. (2009) 
find that if all of the allowances are auctioned and returned to consumers as a nontaxable 
dividend, the bottom three income deciles are on net better off than without the policy. 
The majority of costs as a portion of household income are bom by households in the 
sixth to tenth income deciles. They also note that if the lump sum rebate were taxable, 
the policy would be more progressive. This is because, assuming budget neutrality, the 
pre-tax lump sum rebate would be increased by the average income tax rate for all 
households. Poorer households would then hold a larger after-tax rebate than wealthier 
households. 

If the rebate to low income households instead were redistributed on a lump sum non- 
taxable rebate across all households, the policy would be less progressive. While less 
progressive, it does have the feature that the net burden would be levelized across 
households on a percentage-of-income basis. If a greater share of the allowance value 
were returned to households based on their energy consumption rather than through a 
lump-sum rebate, the incidence model would likely show the overall policy cost would 
increase while the change in the distribution of costs is less clear. 

EPA is currently developing the capacity to model the distributional impacts of the 
allowance allocations in existing bills using an incidence model and methodology similar 
to the one described in Burtraw et al. (2009). 


Temperature Impacts 

In previous analyses, EPA has looked at the impact of U.S. policy combined with the 
policies assumed for developed and developing countries on global greenhouse gas 


CBO goes on to show chat H.R. 2454 would have different impacts across households in 2050, by which 
time most of the value of allowances would flow to households directly. There would be a larger gain in 
purchasing power (as a percentage of after-tax income) for the lowest income households and a larger loss for 
the highest income quintile compared to the middle income groups. The largest burden would still be 
experienced by households in the middle and next-to-highest income quintiles. 
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concentrations. However, the assumptions used in earlier analyses for what policies other 
countries would adopt are not consistent with the recent G8/Major Economies Forum 
goal discussed above. EPA has now analyzed, using the MiniCAM and MAGICC 
models, how U.S. targets consistent with the President’s FY 2010 budget proposal (14% 
below 2005 in 2020, and 83% below 2005 in 2050)^ combined with international action 
consistent with the G8 agreement could affect global COae concentrations and 
temperatures. 

Figure 5 below shows global COje concentrations through 2100 assuming a climate 
sensitivity (CS) of 3.0."^ The CS is the equilibrium temperature response to a doubling of 
CO 2 , and a CS of 3.0 is deemed the “best estimate” by tbe IPCC.^'* The figure presents 
three scenarios: 

(1) Reference: no climate polices or measures adopted by any countries. 

(2) G8 - International Assumptions: consistent with G8 agreement to reduce global 
emissions to 50% below 2005 levels by 2050. U.S. and other developed countries 
reduce emissions to 83% below 2005 levels by 2050, and developing countries 
cap emissions beginning in 2025, and return emissions to 26% below 2005 levels 
by 2050. All countries hold emissions targets constant after 2050. 

(3) Developing Countries After 2050: US and developed countries same as G8 
scenario. Developing countries adopt policy in 2050 holding emissions constant 
at 2050 levels. 

In the reference scenario, CO^e concentrations in 2100 would rise to approximately 936 
ppm.^^ If the U.S. and other developing countries took action to reduce emissions to 83% 
below 2005 levels by 2050, and developing countries took no action until 2050, then 
C02e concentrations in 2100 would rise to approximately 647 ppm. If the G8 goals are 
met, then COje concentrations would rise to approximately 485 ppm in 2100. It should 
be noted that C02e concentrations are not stabilized in these scenarios. To prevent 
concentrations from continuing to rise after 2100, post-2 1 00 GHG emissions would need 
to be further reduced. For example, stabilization of C02e concentrations at 485 ppm 
would require net C 02 e emissions to go to zero in the very long run after 2100. 


The cumulative GHG emissions under the cap from 2012 - 2050 under the President’s FY 2010 budget 
proposal are 133.9 GtCOjC. This is 1% greater than the 132.6 GtC02e in H.R. 2454, and 2% greater than 
the 130.6 GtCOje in S. 1733. 

The climate sensitivity is the equilibrium change in global mean near-surface air temperature that would 
result from a sustained doubling of the atmospheric COjC concentration. 

IPCC WGl SPM (2007): “[Climate sensitivity] is likely to be in the range 
2°C to 4.5'’C with a best estimate of about S^C, and is very unlikely to be less than 1 .5‘’C. Values 
substantially higher than 4.5°C cannot be excluded...” 

Global CO 2 concentrations in 2008 were 385.6 ppmv (see Tans (2009)) compared with pre-industrial 
concentrations of 280 ppmv (see IPCC WGl SPM (2007)). According to the IPCC, historic CO 2 
concentrations have not exceeded 300 ppmv in the last 650,000 years. 
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Figure 5 - COje Concentrations (Climate Sensitivity = 3.0) 
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Given the C02e concentrations for the various scenarios, we can also calculate the 
observed change in global mean temperature (from pre-industrial time) in 2100 under 
different climate sensitivities. Assuming the G8 goals (reducing global emissions to 50% 
below 2005 by 2050) are met, warming in 2100 would be limited to no more than 2 
degree Celsius (3.6 degrees Fahrenheit) above pre-industrial levels under a climate 
sensitivity of 3.0 or lower, as shown in figure 6 below. 


Figure 6 - Global Mean Temperature Change in 2100 by Scenario and Climate 
Sensitivity (CS) 
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It should be noted that the temperature change in 2100 in this scenario is not stabilized, 
so the observed change in global mean temperature in 21 00 is not equal to the 
equilibrium change in global mean temperature. There are two reasons for this. First, 
while the G8 international goals stabilize global GHG emissions at 50% below 2005 
levels, C02e concentrations and temperature are not stabilized. Determining an 
equilibrium temperature under any scenario requires additional assumptions about post- 
21 00 emissions. If emissions remain constant post-2100, C02e concentrations will 
continue to rise. Equilibrium temperature would only be achieved after C02e 
concentrations are in equilibrium. Second, the inertia in ocean temperatures causes the 
equilibrium global mean surface temperature change to lag behind the observed global 
mean surface temperature change by as much as 500 years. Even if C02e concentrations 
in 2100 were stabilized, observed temperatures would continue to rise for centuries 
before the equilibrium were reached. 

Continued GHG emissions reductions after 2100 could stabilize C02e concentrations at 
the 485 ppm levels achieved in 2100 in the G8 scenario. In order to achieve an 
equilibrium temperature change of 2 degrees (assuming CS = 3.0), C02e concentrations 
must be stabilized below 485 ppm, requiring continued abatement beyond the level 
needed to stabilize concentrations at 2100 levels. It would be possible to reduce C02e 
concentrations after 2100 below 485 ppm by even further reducing GHG emissions in the 
next century. An ‘overshoot’ scenario such as this would further reduce the equilibrium 
temperature change, making it possible to achieve the 2 degrees C target even with a 
climate sensitivity of 3.0. 

While this analysis doesn’t quantify the impacts of higher temperatures and other effects 
of increasing GHG concentrations, the U.S. Global Change Research Program (in its June 
2009 report, “Global Climate Change Impacts in the United States”) described the 
impacts that we are already seeing and that are likely to dramatically increase this century 
if we allow global warming to continue unchecked. In the report, it documents how 
communities throughout America would experience increased costs, including from more 
sustained droughts, increased heat stress on livestock, more frequent and intense spring 
floods, and more frequent and intense forest wildfires. 

Conclusion 

EPA’s analysis of S. 1733 demonstrates that the costs of the bill are likely to be quite 
similar to the costs of H.R. 2454. While there are some minor differences in the bills in 
several areas that will likely result in slightly higher costs for S. 1733, these differences 
are overshadowed by the fundamental similarities in approach, caps, offsets, and other 
critical design parameters that affect the costs. 

In table 5 below, we depict the differences between the bills with respect to these 
fundamental design parameters and illustrate for each element the degree to which we 
expect similarities or differences in the costs of S. 1733 compared to H.R. 2454. The 
evidence for the finding in the table is drawn from the preceding text in this paper, which 
clearly shows the large similarities between the two bills. 
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Appendix 

Past EPA modeling analyses of Bills related to mitigating greenhouse gas emissions 

Since 2005, EPA has released six analyses, including three for the 1 lO"’ Congress. This 
appendix provides a list of the analyses, a brief description of the scenarios modeled for 
each, and a brief description of the models used for these analyses. 

It is important to note that EPA is not alone in performing economic analyses of climate 
legislation. Within the U.S. government, the Energy Information Administration and the 
Congressional Budget Office have done analyses of recent legislative climate policy 
proposals. USDA has also developed analysis related to the role of agriculture in climate 
policy proposals. Outside of the U.S. government the Stanford Energy Modeling Forum 
has gathered together a number of models that have been widely used for climate policy 
analysis including: the Applied Dynamic Analysis of the Global Economy model 
(ADAGE) from the Research Triangle Institute; the Emissions Predictions and Policy 
Analysis model (EPPA) from the Massachusetts Institute of Technology; the Model for 
Emissions Reductions in the Global Environment (MERGE), from the Electric Power 
Research Institute; MiniCAM, from the Pacific Northwest National Laboratory / Joint 
Global Change Research Institute; the Multi-Region National Model - North American 
Electricity and Environment Model (MRN-NEEM), from Charles River Associates; and 
the Intertemporal General Equilibrium Model (IGEM), from Dale Jorgenson Associates 
(Fawcett et al., forthcoming). 


Analyses: 

• Analysis of H.R. 2454 in the 111th Congress, the American Clean Energy and 
Security Act of 2009 - June 2009 

• Preliminary Analysis of the Waxman-Markey Discussion Draft in the 111th 
Congress, The American Clean Energy and Security Act of 2009 - April 2009 

• Analysis of Senate Bill S.2191 in the 110th Congress, the Lieberman-Warner 
Climate Security Act of 2008 - March 2008 

• Analysis of Senate Bill S.1766 in the 110th Congress, the Low Carbon Economy 
Act of 2007 - January 2008 

• Analysis of Senate Bill S.280 in the 110th Congress, The Climate Stewardship 
and Innovation Act of 2007 - July 2007 

• Analysis of Senate Bill S.843 in the 108th Congress, Clean Air Planning Act - 
October 2005 

Note: The “Waxman-Markey Discussion Draft” and H.R. 2454 were analyzed with 
updated models reflecting, among other changes, the AEO March 2009 reference case 
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which reflects the provisions of the Energy Independence and Security Act of 2007, but 
not those of the American Recovery and Reinvestment Act of 2009. 

Scenarios Analyzed: 

Analysis of H.R. 2454 in the 111th Congress, the American Clean Energy and 
Security Act of 2009 - June 2009 

1) EPA 2009 Reference Scenario 

2) H.R. 2454 Scenario 

3) H.R. 2454 Scenario without Energy Efficiency Provisions 

4) H.R. 2454 Scenario with Output-Based Allocations 

5) H.R. 2454 with Reference growth in Nuclear Power 

6) H.R. 2454 Scenario without Output-Based Allocations or Energy Efficiency 
Provisions 

7) H.R. 2454 Scenario without International Offsets 

Preliminary Analysis of the Waxman-Markey Discussion Draft in the 111th 
Congress, The American Clean Energy and Security Act of 2009 - April 2009 

1 ) EPA 2009 Reference Scenario 

2) Waxman-Markey Scenario 

3) Waxman-Markey Scenario with Energy Efficiency Provisions 

4) Waxman-Markey Scenario with Output-Based Allocations 

5) Waxman-Markey Scenario with No International Offsets 

Analysis of Senate Bill S.2191 in the 110th Congress, the Lieberman-Warner 
Climate Security Act of 2008 - March 2008 

1) EPA Reference Scenario 

2) S. 2191 Scenario 

3) S. 2191 Scenario with Low International Action 

4) S.2191 Scenario Allowing Unlimited Offsets 

5) S. 2191 Scenario with No Offsets 

6) S. 2191 Scenario with Constrained Nuclear and Biomass 

7) S. 2191 Scenario with Constrained Nuclear, Biomass, and Carbon Capture and 
Storage 

8) S. 2191 Scenario with Constrained Nuclear, Biomass, Carbon Capture and 
Storage, international targets “Beyond Kyoto” and a Natural Gas Cartel 

9) Alternative Reference Scenario, assuming EIA “High Technology” case 

10) S. 2191 Alternative Reference Scenario 
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Analysis of Senate Bill S.1766 in the 110th Congress, the Low Carbon Economy Act 
of 2007 - January 2008 

1 ) Core Reference Scenario 

2) S. 1766 Scenario 

3) S. 1766 Scenario without Technology Accelerator Payments (TAP) 

4) S. 1766 Scenario with Ten Percent International Offsets 

5) S. 1766 Scenario with Unlimited International Offsets 

6) S. 1766 Scenario without TAP, and with Ten Percent International Offsets 

7) S. 1766 Scenario without TAP, and with Unlimited International Offsets 

8) S. 1766 Scenario without Carbon Capture and Storage Subsidy 

9) S. 1766 Scenario without Tap, and with no Carbon Capture and Storage Subsidy 

10) S. 1766 Scenario without Carbon Capture and Storage Subsidy and Low Nuclear 

1 1) S. 1766 Scenario with Alternative International Action 

12) High Technology Reference Scenario 

13) S. 1766 High Technology Scenario 

14) S. 1766 High Technology Scenario without TAP 

15) S. 1766 High Technology Scenario with Ten Percent International Offsets 

16) S, 1766 High Technology Scenario with Unlimited International Offsets 

17) S. 1766 High Technology Scenario without TAP, and with Ten Percent 
International Offsets 

18) S. 1766 High Technology Scenario without TAP, and with Unlimited 
International Offsets 

19) S. 1766 High Technology Scenario without Carbon Capture and Storage Subsidy 

20) S. 1766 High Technology Scenario without TAP, and without Carbon Capture 
and Storage Subsidy 

Analysis of Senate Bill S.280 in the 110th Congress, The Climate Stewardship and 
Innovation Act of 2007 - July 2007 

1) EPA Reference Scenario 

2) S. 280 Senate Scenario 

3) S. 280 Senate Scenario with Low International Action 

4) S. 280 Senate Scenario allowing Unlimited Offsets 

5) S. 280 Senate Scenario with No Offsets 

6) S. 280 Senate Scenario with Lower Nuclear Power Growth 

7) S. 280 Senate Scenario with No Carbon Capture and Storage 
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Analysis of Senate Bill S.843 in the 108th Congress, Clean Air Planning Act - 
October 2005 

Note S. 843 was a bill addressing emissions from the power sector, and not an economy- 
wide approach like those above. The bill set a cap for carbon dioxide emissions from the 
power sector and allowed for domestic and international offsets to meet the cap. EPA 
analyzed those provisions of the bill with early versions of the models used for the 
analyses listed previously. A number of sensitivities were performed for the power 
sector components, but for the GHG analysis, only two scenarios were analyzed. 

1 ) Core Scenario - assuming Kyoto ends in 20 12 

2) Sensitivity Scenario - assuming Kyoto continues with no changes 

Models Used 

Applied Dynamic Analysis of the Global Economy Model (ADAGE) 

ADAGE is a dynamic computable general equilibrium (CGE) model capable of 
examining many types of economic, energy, environmental, climate-change mitigation, 
and trade policies at the international, national, U.S. regional, and U.S. state levels. 
ADAGE is developed and run for EPA by RTI International. See the model homepage at 
http://www.rti.org/adage 

Intertemporal General Equilibrium Model (IGEM) 

IGEM is a model of the U.S. economy with an emphasis on the energy and 
environmental aspects. It is a dynamic model, which depicts growth of the economy due 
to capital accumulation, technical change and population change. IGEM is a detailed 
multi-sector model covering 35 industries. The model is developed and run by Dale 
Jorgenson Associates for EPA. See the model homepage: 
http://post.economics.harvard.edu/faculty/jorgenson/papers/papers.html 

Non-COa Greenhouse Gas Models 

EPA develops and houses projections and economic analyses of emission abatement 
through the use of extensive bottom-up, spreadsheet models. These are engineering- 
economic models capturing the relevant cost and performance data on over 15 sectors 
emitting the non-C02 GHGs. The data used in the report are from Global Mitigation of 
Non-C02 Greenhouse Gases (EPA Report 430-R-06-005). www.epa.gov/nonco2/econ- 
inv/intemational.html 

Forest and Agricultural Optimization Model - GHG (FASOM-GHG) 

FASOM-GHG simulates land management and land allocation decisions over time to 
competing activities in both the forest and agricultural sectors. In doing this, it simulates 
the resultant consequences for the commodity markets supplied by these lands and, 
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importantly for policy purposes, the net greenhouse gas (GHG) emissions. FASOMGHG 
is a multiperiod, intertemporal, price-endogenous, mathematical programming model 
depicting land transfers and other resource allocations between and within the 
agricultural and forest sectors in the US. The principal model developer is Dr. Bruce 
McCarl, Department of Agricultural Economics, Texas A&M University. The data used 
in the report are documented in: U.S. EPA, 2009. Updated Forestry and Agriculture 
Marginal Abatement Cost Curves. Memorandum to John Conti, ElA, March 3 1 , 2009. 
See the model homepage: http://agecon2.tamu.edu/people.faculty/mccarl- 
bruce/F ASOM.html 

Global Timber Model (GTM) 

GTM is an economic model capable of examining global forestry land-use, management, 
and trade responses to policies. In responding to a policy, the model captures 
afforestation, forest management, and avoided deforestation behavior. 

The model is a partial equilibrium intertemporally optimizing model that maximizes 
welfare in timber markets over time across approximately 250 world timber supply 
regions by managing forest stand ages, compositions, and acreage given production and 
land rental costs. The principal model developer is Brent Sohngen, Department of 
Agricultural, Environmental, and Development Economics, Ohio State University. See 
the model website for GTM papers and input datasets: 
http://aede.osu.edU/people/sohngen.l/forests/ccforest.htm#gfmod 

Global Climate Assessment Model (GCAM, formerly MiniCAM) 

The MiniCAM is a highly aggregated integrated assessment model that focuses on the 
world’s energy and agriculture systems, atmospheric concentrations of greenhouse gases 
(CO 2 and non-COj) and sulfur dioxide, and consequences regarding climate change and 
sea level rise. The model is developed and run at the Joint Global Change Research 
Institute, University of Maryland. See the model homepage: 
http://www.globalchange.umd.edu 

Integrated Planning Model (IPM) 

EPA uses the Integrated Planning Model (IPM) to analyze the projected impact of 
environmental policies on the electric power sector in the 48 contiguous states and the 
District of Columbia. IPM is a multi-regional, dynamic, deterministic linear 
programming model of the U.S. electric power sector. The IPM was a key analytical tool 
in developing the Clean Air Interstate Regulation (CAIR) and was also used in the 
development of the Regional Greenhouse Gas Initiative (RGGl). The model was 
developed by ICF Resources and is applied by EPA for its Base Case. IPM® is a 
registered trademark of ICF Resources, Inc. EPA’s application of IPM Flomepage: 
http://www,epa.gov/airmarkets/progsregs/epa-ipm/index.html 
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Senator Boxer. But I thank you all, and we will go now to Sen- 
ator Gillibrand. 

Senator Gillibrand. Thank you, Madam Chairwoman, and 
thank you witnesses for being here. Your testimony is very impor- 
tant to this national debate, and I am very grateful for your leader- 
ship and opinions and sharing your expertise with all of us. 

I would like to direct my conversation, initially, to Mr. Law. I 
would like it if you could please describe for me, for the panel, and 
for our attendees the kind of work that you are doing for your cus- 
tomers as part of the Efficiency Long Island Program and how en- 
ergy efficient investments are saving your customers money by re- 
ducing energy consumption. 

Mr. Law. Thank you very much. Senator Gillibrand. Our Effi- 
ciency Long Island Program, as I said, is about a $1 billion pro- 
gram over the next 10 years. 

We have had a new base load power plant on Long Island that 
just came on line this year. It cost $1 billion. And now it will have 
to be fed fossil fuels for the next 30 years to operate. I would rather 
invest the next $1 billion, and give it back to our customers, in the 
form of helping them become smarter with the energy that they 
use. 

We do that in the form of rebates to help them buy Energy Star 
appliances, lighting appliances, pool motors, furnace motors, air 
conditioning units, dehumidifiers, things like that. The goal there 
is to help them lower their consumption and lower their bills. 
When they lower their consumption, that allows us to reduce our 
peak demand. And the goal of the program, for LIPA, is to avoid 
having to build that next power plant. 

So, it helps LIPA, it helps the customer in terms of lower bills. 
And again, we find that it is not only the right thing to do, but try- 
ing to site a power plant, nobody wants one in their backyard, and 
then trying to finance it, and then having to deal with the emis- 
sions, and then having to feed it fossil fuels, are all challenges. 

We find it is better to help our customers become smarter with 
the energy they use, and that is the goal and the purpose of Effi- 
ciency Long Island. 

Senator Gillibrand. Thank you. Mr. Keohane, can you discuss 
how prioritizing efficiency in the utility sector would benefit cus- 
tomers nationwide, and do you believe that a minimum require- 
ment for efficiency would enhance the consumer protection from 
this legislation? 

Mr. Keohane. Thank you. Senator. I think, first of all, it has 
been shown time and again through, I think, a variety of very suc- 
cessful programs across the country that wise, smart investments 
in cost effective energy efficiency can be very effective ways of re- 
ducing consumers’ bills. I think there are also ways that consumers 
can take advantage of those common sense approaches. 

I think in terms of the — in the context of allowance allocation, I 
think the most important principle is that the value go to those 
consumers for their benefit, and if it can be shown that the best 
way to do that is cost effective energy efficiency investments, as we 
have seen in some areas in the past, I think that is terrific. 
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But I would say the bedrock principle there is just make sure 
that allowance value does protect the consumers and that it goes 
to their benefit. 

Senator Gillibrand. Thank you. Now, for Mr. Crane, and this is 
for the whole panel, can you discuss the development of utility 
scale renewable projects and your thoughts on the potential growth 
of large scale projects in the next decade? 

Mr. Crane. Well, I think right now, as much as this Administra- 
tion has tried to stimulate renewable projects, the absence of a tax 
appetite, the dropping of fossil fuel prices, and the absence of fi- 
nancing from Wall Street, which has not really recovered as you all 
know from your State, makes large scale renewable projects very, 
very difficult, and quite frankly, the Department of Energy Loan 
Guaranty Program right now is critical. 

Our company is hoping to build what would be the largest solar 
thermal project in Senator Udall’s State, but without the — ^because 
the technology is emerging and all those other problems, without 
the loan guaranty from the DOE, it is just not going to happen. 

So, it is a challenging environment. But our company, Mr. Izzo’s 
company, many companies are pursuing these projects in the hope 
that we can overcome all of these. So, we are all hard at work at 
this. 

Mr. Izzo. Senator, the primary obstacle to growing renewables is 
the fact that the current technology just is not competitive with the 
current market price for electricity. By having a cap and trade sys- 
tem, you will more accurately reflect long-term costs. That gap will 
narrow. 

Having said that, that will then lend itself to large scale renew- 
able development in certain parts of the country. Absent a national 
renewable portfolio standard, you will not see growth in renew- 
ables. Therefore, it is no surprise that over 70 percent of the re- 
newables that have been installed in the last 2 years in this coun- 
try have been in those States with renewable portfolio standards. 

Senator Gillibrand. Anyone else before my time 

Mr. Hart. I might say the electric cooperatives nationwide have 
set up what they call a National Renewable Energy Cooperative, 
and the idea there is to pool resources to see if we can tap into 
some of the expertise in Missouri on wind, and New Mexico, co-ops 
down there doing the solar, if we can pull all those folks together 
and come up with a national initiative. 

But the investment tax credits are a huge catalyst to getting fi- 
nancing for renewable energy, and I have heard a lot of the wind 
developers tell me that if we could just get those investment tax 
credits extended for a longer period of time, it is going to make it 
easier for them to finance them. So, that is something you might 
want to consider. 

Senator Gillibrand. Thank you. 

Senator Boxer. Thank you. 

Senator Bond. 

Senator Bond. Thank you. Madam Chair, and my good friend 
Barry. I apologize. I have a couple of other committees that I have 
to work on. 

I want to straighten out a few things. Madam Chair. I made a 
mistake yesterday when I said your bill would provide $16 billion 
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less than Waxman-Markey. When we now have had an opportunity 
to review the targets, and how it operates, we now see that it does 
not provide 35 percent of the program allowances. This is what 
Waxman-Markey provides. 

But when you take a number of slices out of the pie, it is a small- 
er pie. And so we have $1.46 billion fewer allowances, and that 
means that there will be a shortfall of about $4.4 billion allow- 
ances. Multiplying that by the estimated price per allowance re- 
veals a $133 billion shortfall. If it is complicated, it is taking us 
some time to analyze 

Senator Boxer. I will give you some more time. I will give you 
another minute. If I am going to give you a minute, I just want you 
to understand that that went in to the Deficit Reduction Trust 
Fund. So, that was the reason we did the haircut. 

But the pie, in terms of the percentages, remained the same. But 
we did have to take across-the-board cuts for deficit reduction, and 
they only went out 10 years. We went out to 2050 and we wanted 
to have a deficit neutral bill. 

But you are absolutely right on the point. You are absolutely cor- 
rect. There is less in there because of Deficit Reduction Trust 
Fund. But go ahead. We will add a minute to you. 

Senator Bond. OK. I wanted to add another point that we talked 
about cap and trade. You said that it worked for acid rain. I hap- 
pened to be the lead Republican sponsor on the Byrd-Bond amend- 
ment, some people back home call it the Bond-Byrd amendment. 
That worked because we had a ready solution to acid rain produc- 
tion. 

There is no affordable technology ready to remove carbon from 
coal and sequester it. 2020 is what Secretary Chu said. With no 
low carbon type of coal, the main strategy Missouri utilities would 
have to use to meet the mandates here would be to move more pro- 
duction to nuclear power. And Barry, if Missouri power generators 
are forced to switch from coal to natural gas, what would that do 
to power rates in Missouri? 

Mr. Hart. Under that study that I talked about earlier, it is the 
worst case scenario. If we switch to natural gas, you are looking 
at by 2012, 46 percent and by 2020, 77 percent. So that is the 
worst case scenario for our State. 

Senator Bond. How would your co-op members react if Congress 
passes this legislation that really burdens coal dependent regions 
like the Midwest? 

Mr. Hart. They may not be very happy, and I might not be back 
here next year. I am not sure. 

Senator Bond. What I really worry about is how do you think 
employers in Missouri would react to the higher power bills? Would 
you see some of the smaller businesses that are energy intensive 
moving out of the region? 

Mr. Hart. That is a hard one to factor in. But I know businesses 
that — we are in a recession right now, so it is tough for small busi- 
ness. One thing we know, too, in Missouri is a lot of our small busi- 
nesses are the entities that create the jobs. 

Senator Bond. Well, I think everyljody knows that small busi- 
ness is the job producing core, and we seem to be steamrolling 



695 


small businesses in a lot of things that we are doing up here. That 
is why it worries me. 

We previously submitted a study from the Food and Agricultural 
Policy Research Institute and the University of Missouri working 
with Iowa State and others. It said that a farmer, a row crop farm- 
er of corn and soy beans, 1,900 acres, would see $11,000 cost ini- 
tially going to $32,000. I imagine a significant number of your cus- 
tomers are row crop farmers. What would that do if you put that 
extra burden on their operations? Would they stay in business, or 
would they be hard pressed to make ends meet? 

Mr. Hart. I think they are going to be hard pressed. But I know 
the one segment that I have heard from a lot is the dairy industry. 
Their difficulty is that they are very energy intensive 

Senator Bond. Right. I think ATTRA is doing a study on dairy 
and livestock, and this would be, I assume, equally devastating to 
them. We have a lot of sources we can use. The point I have been 
making is we can reduce emissions, but we cannot do so if people 
are losing their jobs and cannot afford to buy power. 

We have a lot of biomass in Missouri. Some six-sevenths of our 
14 million of timber is scrub timber. You can burn that with coal. 
But to do that, you have to stay in business. And obviously we need 
more nuclear in Missouri. I assume when working with the other 
utilities you are looking for these cleaner energy solutions, and for 
Missouri it seems to me that the wind does not blow very fre- 
quently except in Jefferson City when the General Assembly is in 
session. I would think that biomass would a better — pardon, nu- 
clear would be a better source for you. What is your view on it? 

Mr. Hart. Well, first of all I want to make sure everyone knows 
that I did not say that about Jefferson City. 

[Laughter.] 

Senator Bond. I did. 

Mr. Hart. Yes. You can get away with it. But I just think that 
if Senators can work to minimize this impact on consumers, wheth- 
er they are residential, the elderly on fixed incomes, I was telling 
them. Senator, that one-third of our membership is Missouri is 
over 65 

Senator Bond. A lot of us are. 

Mr. Hart. And 80 percent of those are on fixed income. If we can 
work all of these different segments, people that are using elec- 
tricity in this country, we might be able to come up with policy that 
is going to be successful. 

Senator Bond. Thank you. 

Mr. Hart. But the consumers have to support it. 

Senator Bond. Thank you. Madam Chair. 

Senator Boxer. Yes. And speaking of senior citizens, AARP sent 
us a letter. I am going to put it in the record. They are excited 
about the possibilities here. 

[The referenced letter was not received at time of print.] 

Senator Boxer. Senator Lautenberg. 

Senator Lautenberg. Thanks, Madam Chairman. When you 
mentioned senior citizens, I was ready to take the microphone. 

[Laughter.] 

Senator Boxer. Well, I am one as well. 
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Senator Lautenberg. I am sorry that I was late in arriving. We 
have a couple of other committees that are meeting at the same 
time. 

But I did want to welcome Ralph Izzo here. He is the Chief Exec- 
utive of Public Service Electric and Gas and has been a real leader 
in terms of understanding the needs of the community, but under- 
standing also that you have to communicate with the customers 
and let them know what we are about. 

And it has resulted in a really nice relationship even though peo- 
ple understand that there is going to have to be some extra money 
spent. And we hate to see it. Recession is really still very heavily 
among working people, and job loss is not something that we face 
lightly. But the fact of the matter is that we are where we are. 

Mr. Izzo, what has been the response from your customers to the 
aggressive actions that PSEG has done, whether it has been dis- 
tributing light bulbs, whether it is pleading for a more careful use, 
et cetera? 

Mr. Izzo. We survey our customers once a quarter on how we are 
doing, how quickly we are answering the phone, how do you like 
what we are doing in terms of community outreach, and we get 
consistently high marks from customers for our aggressive actions 
in promoting renewable energy sources and energy efficiency. 

In addition to that, the extra benefit that I, quite candidly, did 
not anticipate is the enormous pride our employees feel at being ac- 
tive in the community and now being viewed not as the electric 
company and the monopoly, but someone who is trying to preserve 
the planet for their children and their grandchildren. 

Senator Lautenberg. You know, we have the good fortune in 
New Jersey to be on the coast. It is a wonderful coast. But the fact 
is that we are to the east of States that have a lot of material being 
sent up into the air from coal burning plants, et cetera. So, there 
is some imbalance. 

Mr. Johnson, I kind of look to you when I say that. And no one 
needs lecture the other party. But I will tell you this. When South 
Dakota had floods and terrible things happening, we were there to 
help them through a natural disaster. And so it is at this time. And 
while it does, when you say it, it sounds terrible, we should not 
have to penalize one State to get to another. 

But in the distribution of expected increases in costs. New Jersey 
looks like it might be $3, South Dakota $5 a month. It is not pleas- 
ant to contemplate. People with modest incomes feel those kinds of 
things very seriously. 

So, I would urge you to look at this and see what kind of — to use 
the cliche around here that says, what goes around comes around. 
There are very few States that have not, at some time or other, 
been there with their hand out, with a plea for the Federal Govern- 
ment, please, come help us, move our citizens away from flooded 
areas, et cetera, et cetera. So we are all in this together. 

And we also know one other thing. I will reduce my philoso- 
phizing in a minute when the clock hits over here. But the fact of 
the matter is we have a sick patient. This patient is not strong. 
This patient is weak. The patient needs medicine. The medicine 
tastes terrible. But that is the condition that the country is in. We 
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are still in recession, we are overrun by inadequate infrastructure 
development, et cetera. 

But if we are called upon, we all spring together to put on a uni- 
form as I did a long time ago, and you do what you have to. I am 
not telling you what kind of message to give to the South Dako- 
tans, but the fact of the matter is there may be a little imbalance 
here, but we are all looking for the same outcome, and that is a 
safer place for our children to grow, for our plants, for our wildlife, 
so that we can breathe the air and enjoy life. 

Thanks, Madam Chairman. 

Senator Boxer. Thank you. 

Senator Udall. 

Senator Udall. Thank you. Madam Chair. Mr. Bluestein, your 
testimony notes that the major recent supply increases of natural 
gas provide us with a powerful option to reduce greenhouse gas 
emissions with a widely available fuel using existing infrastruc- 
ture. 

In the climate debate, there has been concern that fuel switching 
would cause natural gas prices to increase for manufacturers and 
fertilizer to increase for farmers. Are these fears based on an out- 
dated understanding of the natural gas supplies that are now 
available in the U.S.? 

Mr. Bluestein. Yes, I think they are. As I said earlier, these 
new shale gas resources are really changing our fundamental un- 
derstanding of North American gas supply. And they are really just 
starting to take off. As that resource was starting to take off, we 
had the economic downturn, and the demand for gas came down, 
and some of the drilling actually reduced because there was less 
demand. 

So, I do not think we have really even yet seen the reality of how 
large this resource could be, and I think that will be good news for 
industrial gas users and feedstock industries like ammonia that 
rely on natural gas. 

Senator Udall. And could you give us an idea of the magnitude 
just in the last couple of years? 

Mr. Bluestein. In terms of the resource, you know, the National 
Petroleum Council in its study in 2003 estimated — let me just 
check my numbers — the shale resource at, I think, less than 100 
TCP. We did a study, it was done really about 18 months ago, we 
estimated it at 385 TCF. The Potential Gas Committee, in its study 
that came out in June, estimated it at 616 TCF. So it is really 
growing by leaps and bounds. And as I said, I do not know if we 
have fully evaluated it yet. 

Senator Udall. Now, I understand that you have studied the im- 
pact of a proposal made by the American Natural Gas Association 
to enact a so-called Bridge Fuel Credit, a new emissions credit 
based upon additional use of natural gas to reduce greenhouse gas 
emissions. Could you explain how such a credit would work and 
what its impacts would be? 

Mr. Bluestein. Well, the idea of this proposal is to provide a 
credit for any entity that uses natural gas to reduce greenhouse 
gas emissions by increasing the use of natural gas relative to a 
higher emitting fuel. We did an analysis of that proposal for the 
American Natural Gas Alliance. 
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There were several steps. The first was to develop a baseline that 
is comparable to the EPA and EIA modeling as a reference case. 
We then added in an estimate of the increased gas supply that is 
available now. So, not surprisingly when you account for that addi- 
tional supply, you find that gas consumption goes up, and gas 
prices go down, relative to the baseline. 

We then added the incentives for increased gas use, and we 
found, again, moderate increase in gas consumption and a decrease 
in allowance prices relative to the baseline and a slight increase in 
gas consumption, about 6 percent, with the increased use of gas. 

So, back to your first question. Using gas to reduce emissions in 
the near term, not a huge increase in gas prices and actually a de- 
crease in the CO 2 allowance price as a result of the program. 

Senator Udall. And do you have any recommendations on where 
you think the best use of natural gas is? Is it in the transportation 
sector? Is it in the electric power sector? 

Mr. Bluestein. Yes, I think that, you know, one of the strengths 
of natural gas is that is has very wide applicability. It is a very 
clean fuel, and as I said in the beginning of my testimony, I think 
it can be used effectively throughout the economy, power genera- 
tion, transportation, there is a great opportunity, direct use by con- 
sumers, and of course, it is an important feed stock. 

So, I think in the past there has been a feeling that we have to 
decide, is it better to use it here or there. I think that the hope is, 
with the greater resource, we do not have to worry about that. 

Senator Udall. Thank you. And I thank the whole panel. 

Mr. Crane, you mentioned that NRG was putting a plant in Dona 
Ana in Dona Ana County in New Mexico. And I just want to thank 
you for moving into the solar energy business and bringing it into 
southern New Mexico, and it is great to have you here today. 

Thanks to the whole panel. 

Thank you. Madam Chair. 

Senator Boxer. Thank you. Unless a Republican shows up, we 
have Whitehouse, Carper and Cardin. 

Senator Whitehouse. 

Senator Whitehouse. Thank you. Madam Chair. 

Commissioner Johnson, you, in your testimony, let me read this, 
say that these bills all envision softening the impact to consumers 
by providing some of them to low and middle income rebates to pay 
their utility bills. But I do not want more Americans more depend- 
ent on the Federal Government to pay their utility bills. If we need 
to reduce carbon, then let us do it. Let us put that money toward 
energy efficiency and toward research and development. 

I think you are onto a very, very good point. But I want to let 
you know about a particular glitch that you might not be aware of, 
which is that when the allowance revenues are returned to the 
local electric utility or utility distributing companies, if we in Con- 
gress take a further step of saying that this is where they should 
be spent, the wizards at the Congressional Budget Office have de- 
termined that that is an expenditure of money by the Federal Gov- 
ernment that needs to be offset with new revenues to meet our pay 
goal requirements. 

So, we are a little bit handcuffed here in Congress by CBO’s scor- 
ing methodology so that when we take, let us say the round num- 
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her is $1 billion. You put $1 billion back into the local distributing 
companies, no cost. You say, and you should spend half of it on effi- 
ciency, now we have to offset $500 million with revenues. 

So, we are in a bit of a pickle. And I could not agree with you 
more about the direction you seek. I think the place to go is not 
back into the bill, because we will tell you that. The place to go is 
to your friends at NARUC and to your fellow utility commissioners. 

Because you can say, in your ratemaking process, OK, fellows, 
you are getting all of this money coming in from the Federal Gov- 
ernment for these purposes. We want you to come in and show us 
how it is going to work, and you can put them under pressure to 
make sure that efficiency and R&D is where it goes in a way that 
we really are inhibited from doing by these peculiar CBO con- 
straints. 

Mr. Johnson. Well, Senator, thank you very much for that clari- 
fication. I would agree that the State level is a fantastic place, real- 
ly the best place to do energy efficiency. I do wonder if research 
and development are not better done at an national level. And I 
also wonder about nuclear. 

Senator Whitehouse. It could well be. I was really focusing on 
the efficiency part, and I feel that is very important. 

Mr. Johnson. Well, I agree with you 100 percent. I do also really 
believe in nuclear; it is tough to overstate how important it is going 
to be if we are going to get to 83 percent carbon reduction by 2050. 

Senator Whitehouse. We have good — I think you will be happy 
with the way this comes out on nuclear. There is a new nuclear era 
coming, and we just need to make sure we do it right and that we 
work as hard as we can to have the nuclear byproducts be manage- 
able and there is technology that allows them, in fact, ultimately 
to be used as fuel. And we need to make sure that we develop that 
because that is the hazard. 

Mr. Johnson. Well, Senator, thank you very much. You do give 
me reason for optimism that it is going to get better because I 
think actually, right now, the nuclear title is rather weak. But I 
will take your word for it, and we will wait for better wording. 

Senator Whitehouse. The other question that I have is for Mr. 
Izzo and Mr. Law. You both run major utility operations. I cut my 
teeth as a new lawyer doing the public utility regulatory work for 
the Attorney General’s Office in Rhode Island. And way back in the 
1980s, we did the first conservation-based rates with what was 
then called Narragansett Electric and New England Electric Sys- 
tem. Now it is all National Grid. 

So I have been familiar for some time with the predicament that 
electric utilities are in when they make money by selling kilowatt 
hours, but we need to reduce those kilowatt hours and improve the 
fuel mix in ways that may be less immediately cost effective for the 
utilities. 

There has been some disaggregation of the electric utility indus- 
try and to GenCos and DisCos and TransCos, and I am wondering 
what your advice is to us on the best way to structure the electric 
utility operating environment so that the conservation efforts can 
become a profit center. I think you have a vital role in conserva- 
tion. I hope even the lead role. Does a ConsCo that goes along with 
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the TransCos and DisCos and GenCos make sense, or can you just 
do it with the rate adjustments and rate neutrality? 

Mr. Izzo. We are not huge fans of the rate neutrality approach. 
We think it makes sense, but we do not worry about that a lot. 
What we are trying right now in New Jersey that is working very 
well is that we have a $250 million program whereby a light bulb 
looks the same way on my P&L statement as a circuit breaker. So, 
we have redefined the assets that we can put into what is called 
our rate base and earn a profit on. And that is a home run for the 
customer and for our shareholders. 

Senator Whitehouse. Mr. Law. 

Mr. Law. Thank you. Senator. As the head of a public utility 
without shareholders and only rate payers, I almost think we have 
a little bit of a higher standard to strive for because we are not try- 
ing to show a profit. We are not-for-profit. So, not every decision 
we can make a cost-benefit case on. Sometimes we need to look at 
things as investments. And I think we need to be investing in di- 
versifying the portfolio of fuels used in our system now and by en- 
couraging our customers to become more efficient. 

So, one of the ways we are doing that in the entire State of New 
York, for both the regulated utilities and the public utilities, is, you 
know, the concept of decoupling revenue recoupment because, at 
least for the investor-owned utilities, at the end of the day they 
need to cover their costs and show a profit. And if you are going 
to encourage all of your customers to use less energy while your 
costs are still fixed, you are going to lose money. 

So, part of the incentives to get the utilities to be more aggres- 
sive in promoting renewables and efficiency is to allow them to re- 
coup or decouple some of the moneys that they will likely lose. 

Senator Whitehouse. Thank you. I appreciate it. Madam Chair- 
man. I look forward to working with you all. 

Senator Boxer. Thank you. 

Senator Carper. 

Senator Carper. John, thanks so much for being with us and not 
just today, because I know you have been with us before, and we 
appreciate your advice and counsel and your willingness to come 
back again today and subject yourself to this. Hopefully, it is not 
too bad. 

Let me just start off by asking a question maybe of Mr. Izzo and 
Mr. Crane and Mr. Keohane. You pronounce your name Keohane, 
do you not? 

Mr. Keohane. Keohane. 

Senator Carper. I asked five different people up here, and I got 
five different answers. But Nathaniel’s right, is it not? 

[Laughter.] 

Senator Carper. Just a question for each of you. I think, in the 
past, each of your organizations, I believe have supported the no- 
tion of multi-pollutant legislation. And I, as you may recall, have 
long supported a 4-P approach, I believe it just makes sense from 
a business perspective and a public health perspective as well. 

We have had a fair amount of discussion about the wisdom, or 
lack thereof, of adding 3-Ps to the climate bill, sulfur dioxide, ni- 
trogen oxide and mercury. And I would ask, if adding 3-P legisla- 
tion in the form of an amendment to the climate bill does not slow 
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momentum to passage, would you be supportive of a multi-pollut- 
ant approach? 

Mr. Crane. On behalf of NRG, we would support that. But we 
do not, I mean, you had a key condition there. I mean we think 
the urgency of climate change legislation, if it did slow it down, 
that would give us pause. But we support your 3-P legislation and 
leave it up to you as to how you actually get it through. 

Senator Carper. Fine. Thank you. 

Mr. Izzo. Senator Carper, we have been, and remain, supporters 
of your 3-P legislation. It is an essential part of regulatory clarity 
for us going forward in our industry. I try to convince myself that 
I am a moderately OK CEO, but I will never try to convince myself 
that I am intelligent legislative strategist. So, I leave that decision 
to this committee. We would love to see it if it could, indeed, go 
right through with that. 

Senator Carper. OK. Thanks so much. 

Mr. Keohane. 

Mr. Keohane. Well, Senator, I know you have been a leader on 
this, and we would certainly, absolutely support a comprehensive 
approach, and I think we have long been behind a comprehensive 
approach to air pollution regulation. I think the priority for us is, 
right now, making sure we get a climate bill. And if we can also 
get the strong 3-P bill along with that or as part of that, and still 
move that climate bill and get that protection, I think that would 
be terrific. 

Senator Carper. All right. Thanks. Thanks very much. 

I will go back to you, if I could, Mr. Izzo. I think you mentioned 
in your testimony that you support a 50-50 allocation distribution 
of local electric-local distribution company allowances. I am not 
sure what all is involved in striking that compromise within El, 
but I just want to thank you. I know how hard we have struggled 
with it here. And for those of you who actually worked to deliver 
that baby, thank you very much. 

But that is, I think, 50 percent distributed on historical emis- 
sions and 50 percent distributed on generation. That is correct, is 
it not? 

Mr. Izzo. That is correct. 

Senator Carper. The 50 percent distributed based on generation, 
which we also know affectionately as output, would greatly help 
nuclear energy. Is that correct? 

Mr. Izzo. That is correct to the extent that you are selling into 
a competitive market. 

Senator Carper. Would you elaborate on that, please? 

Mr. Izzo. Well, if you are in a competitive market, the least effi- 
cient unit is what sets the price. Typically, the least efficient unit 
is the one with the highest cost fuel, which would be a natural gas 
unit. And a natural gas unit, because it emits carbon, will see a 
higher price. The nuclear power plant will not see a higher price 
because its fuel does not entail any carbons. So, your costs as a nu- 
clear plant operator, of which we are one, does not go up but the 
price you receive does go up. 

Senator Carper. All right. I want to ask you and Mr. Crane, I 
will start with Mr. Crane. In terms of the potential for offshore 
wind for generating electricity on the East Coast and maybe the 
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Mid-Atlantic, what kind of future do you see for that for our region 
of the country? 

Mr. Crane. Well, I think offshore wind has a very important fu- 
ture, because I think one of the things that we have had regional 
difference here is that basically offshore wind in the — I think it is 
called the Mid-Atlantic Bite, is basically the only large scale renew- 
able resource that the Northeastern States have. And it is close to 
the load centers. 

But right now the obstacles to getting offshore wind in the 
United States are pretty substantial. I mean, we do not have the 
infrastructure they have in Europe with, you know, purpose-build 
ships needs to be developed and other — you know, you need to have 
someone who takes the responsibility to build it. And you know, 
the building season is not that long in the Northeast United States. 

So, I think there are obstacles, but I think there are several com- 
panies that are pursuing it, and I think it is an ideal area for a 
public-private partnership, and you know, Delaware, New York and 
New Jersey, I think, are all leaders in this area. 

Mr. Law. Senator, can I chime in on that one? 

Senator Carper. Please do, Mr. Law. 

Mr. Law. You might have missed my comments in the begin- 
ning — 

Senator Carper. I did. 

Mr. Law. LIPA and ConEdison, an investor-owned utility in New 
York City, and some other State entities are exploring what could 
be the country’s largest offshore wind farm. It is about 13 miles off 
of the coast of the Rockaways, near Coney Island, to educate you 
geographically. Senator. And here is why we are looking at that. 

One, we are looking at a private-public partnership to share the 
costs and share the power and share the risks. But unfortunately, 
all of the users were called load. And the load, in the New York 
City metropolitan area, is in New York City and on Long Island. 
We have got about 8 million people. All of our wind and hydro- 
power is Upstate New York. 

What we need to do, and what we will be doing, is comparing the 
cost of trying to import hydro and wind from Upstate New York, 
where it is plentiful, on congested transmission lines down to the 
load. Or might it actually be easier, more cost effective, to build it 
13 miles off the coast, so you eliminate the aesthetic impact issues, 
and only have to do it 13 miles underneath the seabed to the sub- 
stations on the Island. 

So that is what we are looking at right now. Because at the end 
of the day, we think it is actually going to be cheaper to build a 
large scale offshore wind farm in the ocean than try to bring it 
down through the Adirondacks and the Catskills into where the 
population centers are. 

Senator Carper. OK. Good. Thanks very much. 

Senator Boxer. Thank you so much. Senator. 

Senator Cardin. 

Senator Cardin. Thank you. Madam Chair. And let me thank all 
of our witnesses on this panel. 

Mr. Crane, I just want to underscore the point that you made 
and then refer to one of your facilities in Maryland, that climate 
change framework that will unleash the power of American cap- 
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italism and the innovative genius of American entrepreneurs. You 
promised that, given that framework, you can produce low carhon 
energy technologies. 

Let me just point out one of your facilities that we are particu- 
larly proud of as far as the plans, and that is the facility located 
in the Vienna Steam Station, which is a 170-megawatt oil-fired 
generating station located along the Nanticoke River in Vienna, 
Maryland. 

We understand that you are in the process of developing a new 
biomass and solar facility in Dorchester County, which will not 
only be good for the environment, will not only be good for what 
we are trying to accomplish on an energy policy in this country. 

Dorchester, Maryland, has one of the highest unemployment 
rates in Maryland. And this, we look at it as creating jobs for the 
people on the Eastern Shore of Maryland. And I just really want 
to underscore — I think this project puts it all together for us, and 
I just really wanted you to know that we are watching what you 
are doing, and we are very proud of the plans that you have in re- 
gard to the Eastern Shore of Maryland. 

Mr. Crane. Well, Senator Cardin, I appreciate that. But I wish 
you had not said it in front of Mr. Izzo because he is sort of our 
competitor in the area. But you have told him all our secret plans. 

[Laughter.] 

Senator Cardin. Mr. Izzo, I have a deal for you that you will not 
be able to refuse. 

[Laughter.] 

Mr. Crane. But I think that, you know, our Vienna Plant is a 
1970 zero oil-fired plant which rarely ever runs. But the great 
things about these old plants is they are perfect sites for redevelop- 
ment with renewables, and it really does not need to be either/or 
because they have the transmission system built around it. And the 
fact that we are looking at biomass and photovoltaic solar there, 
it is the type of thing that can be done in large parts of the coun- 
try. It just takes a little bit of creativity. 

Senator Cardin. And we look forward to more creativity from the 
members of the panel. 

Madam Chair, if I could, I want to reserve my last 2 and a half 
minutes to introduce the first witness of the next panel. 

Senator Boxer. Well, Senator Merkley, you are it. And unless a 
Senator from the other side comes, we are going to move to the 
next panel. 

Senator Merkley. Thank you. Madam Chair. I appreciate all of 
your testimony and particularly getting to the nitty gritty of the al- 
locations which is something that we all immersed in as we try to 
figure out how to make this really work where the rubber hits the 
road. 

Mr. Law, I appreciated your public power perspective, and the in- 
crease in the allocation for renewable energy and energy efficiency 
is something that we have worked hard on on this committee. And 
I appreciate your support to keep raising it. 

Based on your comments on allowance allocations and increased 
investment in energy efficiency, I wonder if you could comment on 
the concept that we have considered at various moments, which is 
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to require that utilities use a portion of their allowance specifically 
for energy efficiency. 

Mr. Law. I support that. And we support that. And again, it is 
way to, I guess, incentivize and encourage the utilities to help their 
customers to become more aggressive in the area of energy effi- 
ciency. So, we like that. I think, as I also pointed out, I am a public 
utility. LIPA is a public utility and is part of the APPA and the 
LPPC. I do not speak on behalf of all public utilities. But I am 
speaking on behalf of LIPA and the State of New York and what 
we support in New York. 

Senator Merkley. Do you have any sense of how to strike the 
balance between addressing the additional costs to consumers 
versus investment in energy efficiency? 

Mr. Law. It is a challenge, especially when you come from a util- 
ity like mine where we have the second highest rates in the Nation 
already, not something that we are proud of, but something that 
is historical. Things that happened before I got there. But it is the 
challenge. 

I think most customers, again regardless of their party affiliation 
or their political affiliation, I think they support efforts for renew- 
able energy, energy efficiency. But when you ask them are you will- 
ing to pay more, you know, for that, that is when the tough part 
comes because people are hurting today because of the economic 
conditions. 

And so it something that we need to be stronger in encouraging 
our investments in that because, as I think Senator Lautenberg 
said before, our system is working, it is reliable, it is working OK. 
But it could be a whole lot better. And we need to make some 
tough decisions to invest in our energy future if we are ever going 
to get to a clean energy economy. 

Senator Merkley. Thank you. Mr. Johnson, I think you were 
making the case also to allow investment in renewable or clean en- 
ergy investments. So, there are three possibilities of helping to ad- 
dress costs, investing in energy efficiency, which then reduce costs 
over the long term, and clean energy. 

Would you expand a little bit on your advocacy on the clean en- 
ergy side of the equation? 

Mr. Johnson. Thanks very much. Senator. I think, in the perfect 
world, each State would be given broad flexibility to determine how 
they would distribute in rebates to ease consumer impact, in en- 
ergy efficiency research and development, and in investments in 
other things. To me, some States are so far along the energy effi- 
ciency path that the low hanging fruit is gone, and they may want 
to target those dollars into a different arena. 

In South Dakota, I would tell you, we would place a great value 
on energy efficiency. I mean to me, that is the first power source. 
And if you are not doing almost everything you can cost effectively 
for energy efficiency, then I think it is tough to talk about doing 
anything else. 

But listen, some States are not set up to do that. And I would 
really ask that the U.S. Senate try to maintain maximum flexi- 
bility for States to design a system that will work best for their 
consumers. 
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Senator Merkley. I am going to give back the rest of my time 
because I know we are anxious to get on the next panel. I thank 
you all very much for you insights. 

Senator Boxer. And Senator Merkley, I think one our problems 
that we have had with CBO is that, if we try to do what you want, 
which a lot of us do, and the utilities are split on it, it is terrible 
for our deficit problem. We have to take a haircut, put more money 
into deficit reduction. It makes no sense. 

Senator Merkley. I am well aware. You might recall that I sat 
down with CBO on this very problem. 

Senator Boxer. You called them. I know, it has been very dif- 
ficult. 

Senator Whitehouse. Did you make any progress? 

Senator Merkley. I can explain it to you in profound detail, 
but 

Senator Whitehouse. It made no sense. 

[Laughter.] 

Senator Boxer. I do not know of anybody that has made any 
progress with it. They just do not seem to use any logic. Oh, do not 
tell them that I said, that, OK? 

[Laughter.] 

Senator Boxer. All right. Thinking out loud. Not good. 

First of all, I know, Mr. Izzo, you never heard a word that Sen- 
ator Cardin said about the plans for Maryland, right? Because I no- 
ticed that you were not really listening. 

[Laughter.] 

Senator Boxer. Let me just thank this panel. You have been ter- 
rific, every single one of you. And I just would leave us with an 
analogy that, as I look at the chart, and yes, it is going to cost con- 
sumers $5 a month, but by the way there are some even offsets to 
that for our lower income consumers. That is why AARP and Pub- 
lic Citizen and Consumer Union are very happy with the way we 
are moving on the bill. And we want to work with you. We want 
to keep working to make this a better product. 

But you know, some of us are moms and dads, some of us are 
grandmas and grandpas as well, and some of us are uncles and 
aunts, and I think if we knew that our kids were in trouble and 
we had to get a better lock for the house, and it cost money, $50, 
plus you had to hire someone to put that lock in, maybe it was 
$100, it would be worth it. They would be safe. 

And I think sometimes we get so involved in something that is 
not as large as what we are dealing with here. And we are seri- 
ously dealing with an issue that requires us all to pull together. We 
have got to come together. 

And Mr. Hart is right. If the American people do not support us, 
it is not going to work. Just as in your situation, if your consumers 
do not understand it. And I have to tell you in our State, which 
is not perfect but it is close 

[Laughter.] 

Senator Boxer. Our consumers are so driven with the notion 
that they can be part of the solution. And when Mr. Law explained, 
it is a lot about the rate, yes, but it is also about what you pay 
in the end. And in our State, we have realized this. So, our energy 
efficiency, and if Bernie Sanders I would explain, we are still Num- 
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her One in that score. Because we get it. Our rates may be high, 
Mr. Johnson, but because we employ so much energy efficiency, the 
low hanging fruit that everyone can do, at the end of the day, they 
are doing OK. 

Now, they can always do better. I wish they did not have to pay 
anything at all. But the bottom line here is, let us continue to talk, 
because I sense from everybody’s comments that we all want the 
same thing. 

So thank you very much and we will move on to the next panel. 
Thank you very much. 

So, our next panel. Senator Cardin is going to introduce our first 
witness, so I will not. She is Shari Wilson, then we have Ronald 
Young, Peter Frumhoff, Larry Schweiger, Fawn Sharp, Jim Sims 
and our last witness was ill and could not be here. Dr. Green, and 
we wish him well. 

Ladies and gentlemen, thank you very much for being here. We 
are going to start with our witness from Maryland. So, Senator 
Cardin, why do you not introduce her, and we thank that last 
panel. They were quite terrific. This has been quite a day for us 
all. 

Senator Cardin. Chairman Boxer, I know I speak for the Mem- 
bers of the Committee, thank you for the very informative hearing 
that has been put together today. 

I am very proud to introduce Shari Wilson. Shari Wilson not only 
serves as Maryland’s Secretary of the Environment, she is also 
Chair of the Maryland Commission on Climate Change. Governor 
O’Malley has made this a top priority of his administration. In that 
role. Secretary Wilson has been integral in creating and imple- 
menting our State Climate Action Plan, which outlines Maryland’s 
adaptation efforts and goals. 

Maryland has been one of the Nation’s leaders in addressing cli- 
mate change. Maryland is a member of the Regional Greenhouse 
Gas Initiative, the multi-State effort that is already benefiting from 
a cap and trade program. Maryland was one of those States that 
pressed for the so-called California Waiver in order to control 
greenhouse gas pollutions from the mobile sector. 

And Maryland is one of the few States in America to actually 
produce a statewide plan to address climate change in a proactive 
way. And one of the main reasons that Maryland is in the forefront 
of these efforts is Shari Wilson. 

We are fortunate to have her in Maryland, and we are very for- 
tunate, I think, to have her help on this panel. I am pleased to wel- 
come Shari Wilson to our committee. 

Senator Boxer. Ms. Wilson, go right ahead. 

STATEMENT OF SHARI T. WILSON, SECRETARY, MARYLAND 
DEPARTMENT OF THE ENVIRONMENT 

Ms. Wilson. Thank you very much. Good afternoon. Chairman 
Boxer and members of the committee. It is a privilege to be here. 

The past several weeks have been filled with optimism for public 
health and the environment in Maryland, with landmark legisla- 
tion being introduced to restore the Chesapeake Bay and now hear- 
ings on the Clean Energy Jobs and American Power Act. 
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Senator Cardin, we appreciate your leadership in all of these ef- 
forts, and we are right there with you, of course. 

Adaptation. This is word that is the shorthand for the changes 
we, as a society, need to make to be better prepared for the 
changes that we are and will continue to experience as a result of 
climate change. Whether it is making sure that our critical infra- 
structure — and expensive, I might add, infrastructure — for water, 
sewer and transportation is protected, or whether it is making sure 
new investments, a private home or a public road use design stand- 
ards that will withstand the increased frequency of storms or floods 
or surges, we need to start making different decisions now to make 
sure we are targeting our investments smartly. 

To date, efforts to adapt a climate change across our country lack 
cohesion. There are no clear roles, no clear responsibilities at the 
Federal, State or local level. We lack the necessary data and re- 
sources to comprehensively and efficiently prioritize our actions to 
adapt. We do, though, have the knowledge and tools and tremen- 
dous public health, economic and environmental motivations to bet- 
ter prepare. 

The Clean Energy Jobs and American Power Act provides that 
needed structure, clarifying responsibilities, the framework for the 
data and assessments that need to be completed, and funding to 
get this work underway. 

As is the case with greenhouse gas reductions. States have not 
waited for Federal action. To reduce greenhouse gas emissions, as 
Senator Cardin just mentioned, 10 States in the Regional Green- 
house Gas Initiative developed and are now successfully imple- 
menting a market-based regional cap and trade program to reduce 
emissions from the electricity generating sector. Likewise, to adapt 
to climate change, 30 States have adopted climate action plans. 
Four of those include adaptation strategies. 

In 2007, Governor O’Malley ordered that we in Maryland prepare 
a climate action plan. Over 100 Marylanders, representing the pri- 
vate, the academic and the public sectors, came together to do so. 
And a key part of that plan is our adaptation strategy. 

Adaptation plans are absolutely necessary for public health, eco- 
nomic and environmental reasons. Using Maryland as an example, 
we have over 3,000 miles of coastline, and over the past century 
we have experienced a foot of sea level rise, and projections show 
that we could experience another 2 to 3.4 feet of rise. We lose 580 
acres a year to shoreline erosion; projections include projected 
losses of up to 161,000 acres lost of marshland. 

These risks includes increased erosion along our streams, rivers 
and coastal shorelines, sediment being one of our major pollutants 
that we are dealing with the in the Chesapeake Bay, increased 
droughts and effects on water supply, groundwater tables, the like- 
lihood of salt water entering our fresh water supplies and impacts 
on agricultural production, numerous economic consequences re- 
lated to coastal property protection and the livelihoods that rely on 
clean water. And it includes threats to our historic resources, and 
once those are lost, we of course know they are lost forever. 

The Clean Energy Jobs and American Power Act requires a na- 
tional adaptation strategy. It requires Federal planning, and it re- 
quires State plans. It requires research to better develop our un- 
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derstanding of impacts to our water supply, our drinking and 
wastewater infrastructure, and it provides for mechanisms to miti- 
gate impact on forestry and agriculture. It provides assessments 
funding, data collection and mapping funding to integrate the ad- 
aptation strategies nationally, at the State level, and at the local 
level. 

All of these adaptation policies necessitate addressing a range of 
policies to make sure they protect vulnerable areas. It ranges from 
insurance to flood protection to health assessments and agricul- 
tural preservation. These raise local. State and Federal policy 
issues and a national framework to comprehensively shift our coun- 
try to an effective adaptation strategy. 

This bill that you are hearing today provides that clear national 
strategy. It involves coordinates plans, it is the only way to ensure 
effective prioritization of our expenditures to make sure we have 
regional coordination and to set data and assessment priorities for 
the country. 

It also provides much needed dedicated funding to get this work 
underway as soon as possible. In particular 

Senator Boxer. I am going to ask you to sum up. OK? 

Ms. Wilson. Yes, thank you. The coastal and Great Lakes adap- 
tation program acknowledges and prioritizes the unique challenges 
that are faced by coastal States. This is a critical part of the adap- 
tation strategy and we applaud the inclusion of the provisions in 
this bill. 

Thank you for your consideration of Maryland’s viewpoints today, 
and we look forward to working with you on any questions you may 
have. 

Thank you. 

[The prepared statement of Ms. Wilson follows:] 
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Testimony of Shari T. Wilson, Secretary 
Maryland Department of the Environment 

Before 

The Senate Committee on Environment and Public Works 
The Clean Energy Jobs and American Power Act (S. 1733) 

Wednesday, October 28, 2009 

Chairman Boxer, Ranking Member Inhofe and honorable members of the Committee, 
thank you for the opportunity to share Maryland’s perspective on the need for climate 
change adaptation and the critical importance of developing a national adaptation 
strategy. 

Adaptation describes how we prepare for the impacts of climate change and how we 
mitigate the impacts we are experiencing, and will continue to experience. To date, 
efforts to adapt for climate change across our Country lack cohesion. There are no clear 
roles, and no clear responsibilities at the federal, state or local level. We lack the 
necessary data and resources to comprehensively and efficiently prioritize adaptation 
activities. At the same time, as states are demonstrating, we certainly have the 
knowledge, the tools and tremendous public health, economic and environment benefits 
to gain by adapting and mitigating the effects of climate change. The Clean Energy Jobs 
and American Power Act, at last, provides the path forward. This legislation defines the 
needed structure - clarification of responsibilities, the framework for necessary planning 
and action, and the outline for collection of data and funding - to get this important work 
underway in a smart, efficient and effective way. 

As is the case with greenhouse gas emission reductions, States have not waited for 
federal action. To reduce greenhouse gas emissions, the ten States in the Regional 
Greenhouse Gas Initiative moved forward to develop, and are now successfully 
operating, a market based regional cap and trade program to reduce emissions from the 
electricity generating sector. Likewise, to adapt to climate change, many States have 
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moved forward to develop plans and strategies to adapt to climate change and are now 
implementing those plans. Maryland’s own Climate Action Plan, initiated by an 
Executive Order issued by Governor O’Malley, details Maryland’s need for adaptation 
strategies, prioritization of data collection, assessments and implementation, much like 
the provisions of Subtitle C of this Act. 

Impacts of Climate Change in Maryland 

Climate Change is already impacting Maryland. With over 3,000 miles of coastline, 
more than California, we have already experienced one foot of sea level rise. Increasing 
sea levels have the potential to cause profound changes in Maryland’s environment, 
natural resources and economy. The magnitude of the impact will depend not only on 
our ability to reduce future global carbon dioxide emissions, but on our ability to 
successfully implement adaptation strategies at the federal, state and local levels. A 
national adaptation strategy and significant federal funding for coordinated state and 
federal adaptation programs are critical to mitigating the effects of climate change. 

The impact of climate change in Maryland will manifest itself in many different ways. 
Rising temperatures, changes in precipitation patterns and more frequent and severe 
storms will affect the State’s water resources, our agriculture and forestry sectors, our 
aquatic and terrestrial ecosystems, our land use, our infrastructure and the health of our 
citizens. 

As a coastal state with one of the world’s largest and most complex estuarine systems, 
rising sea levels and increased storm severity present Maryland with a unique set of 
challenges. Our 3,000 miles of shoreline equates to many vulnerable low-lying coastal 
areas. The Chesapeake Bay area is ranked as the third most vulnerable region in the 
nation to the impact of sea level rise. In addition to the sea level rise of one foot already 
experienced, Maryland projects that during this century, sea levels could rise an 
additional 2.7 to 3.4 feet, submerging existing tidal marshes and inundating low-lying 
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areas. Rising sea levels will increase Maryland’s vulnerability to storm events, shoreline 
erosion and salt water intrusion into our groundwater aquifers. 

Maryland has thousands of miles of developed waterfront property along its coast, 
including many historic settlements such as Smith Island. The State’s coastal areas and 
barrier islands contain billions of dollars worth of public and private investments that are 
threatened by rising sea levels and increased storm surge. Currently our state is losing 
approximately 580 acres per year to shoreline erosion. Thirteen Chesapeake Bay islands 
once mapped on nautical charts have already disappeared beneath the water’s surface. In 
a 2008 report, the National Wildlife Federation estimated that approximately 400,000 
acres of land on the Chesapeake’s Eastern Shore could gradually be submerged. The 
Federation projects that by the end of the century, the Bay region will lose more than 
161,000 acres of brackish marsh, 69% of its estuarine beaches, 58% of its ocean beaches 
and more than 50% of its tidal marshes. The loss of tidal wetlands and marshes will 
mean loss of critical habitat for mrniy species of birds, fish and plants and a decline in the 
populations that are dependent on them. 

As Maryland and the other Bay states implement aggressive measures to accelerate 
restoration of the Bay, we are concerned that rising sea levels and changes in 
precipitation patterns will impede our efforts to restore water quality. For example, 
reversing the loss of underwater grasses is critical to the Bay restoration effort. Rising 
sea levels and increased shoreline erosion will adversely impact submerged aquatic 
vegetation through reduced light penetration as a result of increased water depth and 
suspended sediments. An increase in total precipitation and storm intensity could lead 
to increased stream flows, more sediment erosion, turbidity and nutrient pollution with 
corresponding adverse impacts on aquatic vegetation and marine life. The Chesapeake 
Bay Program’s Scientific and Technical Advisory Committee report, Climate Change 
and the Chesapeake Bay and the Executive Order 13508, Draft Section 202(d) Report, 
Chesapeake Bay Watershed Climate Change Impact, both address the impacts of climate 
change on the Bay and collectively recommend the need for action on adaptation 
planning at the regional, state and national level. 
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Rising sea levels, storm surges, increased frequency and intensity of storm events and 
drought conditions all have the potential to significantly impact our drinking water supply 
and our drinking and wastewater infrastructure. This legislation specifically 
acknowledges this risk and addresses the impact on infrastructure. 

In the State’s metropolitan areas, surface water is the primary source of drinking water. 
An increase in the frequency and intensity of storms can degrade surface water quality by 
causing additional sediment erosion and runoff, which increases turbidity levels and 
makes the raw water more difficult to treat using conventional methods. In addition, the 
higher levels of sediment can reduce the effectiveness of water treatment filters in 
removing microbial pathogens. 

More intense storms are likely to compromise the efficacy of wastewater treatment 
technology and they can cause more sewer overflows in municipal systems with 
combined sewer/stormwater systems, resulting in increased discharges of untreated 
sewage into surface waters. Combined sewer overflows degrade water quality and 
threaten downstream drinking water systems. 

On Maryland’s Eastern Shore and in the rural coastal areas of the State where 
groundwater is the primary source of drinking water, rising sea levels can increase the 
rate of saltwater intrusion into underground aquifers, jeopardizing the suitability of the 
aquifers for drinking water. There is evidence that salt water intrusion is already 
occurring on the Eastern Shore. Rising sea levels and more severe storm surges could 
infiltrate septic systems and drainage fields located in coastal low-lying areas, causing 
further contamination of groundwater aquifers. More frequent and longer lasting 
droughts could reduce water levels in the State’s reservoirs, necessitating more frequent 
water use restrictions. These impacts will further challenge the State in our current 
efforts to develop a long-term strategy to manage our water resources for future 
generations. The Clean Energy Jobs and American Power Act not only provides funding 
for research to develop a better understanding of how climate change will impact our 
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water supply resources and infrastructure and how we can protect these essential 
resources, but also reserves funding for projects to adapt our drinking and wastewater 
infrastructure to the effects of climate change. Similarly, it is just plain common sense to 
implement the “Watersense” program outlined by this Act. It is incumbent upon us all to 
promote water conservation to the greatest extent possible. Even in a State like Maryland, 
where traditionally water supply has been abundant, the recent decade has brought 
droughts and a clear need for better data and assessment of groundwater supplies. If this 
is a need in Maryland, we can be assured that it is a much more dire need in other parts of 
the Country. 

As regional warming increases, ecosystems and species that require lower temperatures 
and specific forest systems will face shrinking habitat, and if unable to migrate, possible 
local extinction. Some forest types such as hemlock, mountain ash, sugar maple, and 
butternut could disappear from the State altogether. Increasing temperatures may have 
significant effects on the ability of plant species to regenerate as the result of a shift in the 
timing of budding, flowering and pollination. Climate change is expected to result in an 
increase in non-native and invasive species. 

Rising air and water temperatures will adversely impact plant and animal species that are 
sensitive to subtle changes in temperature. For example, an increase in Bay water 
temperature could reduce populations of striped bass and other cooler water species. 

The projected increase in the number of short, medium and long-term droughts in the 
Northeast will affect our forestry and agricultural sectors. Prolonged droughts could 
significantly impact our ground and surface drinking water supplies. 

These kinds of impacts, and many others, are likely to be experienced to differing degrees 
by all states. The Clean Energy, Jobs and American Power Act specifically addresses the 
impact of sea level rise on agriculture and forestry, providing much needed mechanisms to 
mitigate the impacts on these resources and enable us, as a country, to better prepare for those 
impacts. 
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Maryland’s Adaptation Plan 

Maryland’s Climate Action Plan, a comprehensive strategy for reducing State-wide 
greenhouse gas emissions and adapting to its consequences, recommends 1 8 specific 
adaptation legislative, policy, and planning actions to reduce the impact to existing built 
environments and future growth and development, protect human health, safety and 
welfare and protect and restore the State’s forests, wetlands and beaches. The 
recommended strategies focus on assessing and protecting existing vulnerable 
infrastructure, assessing the need for changes to the State’s building codes to protect 
future development and incorporating adaptation strategies into state and local 
government land use and other comprehensive planning programs. Likewise, this 
proposed Act specifically addresses the need to update and improve building codes, 
provide for the necessary assessment, data collection and mapping to integrate climate 
change adaptation into a range of state and local planning and programming. 

Implementation of the State’s adaptation strategy is well underway. In 2008, Maryland 
passed two pieces of key legislation called for in the strategy; The Living Shoreline 
Protection Act and amendments to the Chesapeake and Coastal Bays Critical Area Act. 
Living shorelines, or soft shorelines, are a smarter way to protect shoreline from erosion 
in the face of increased flooding and sea level rise while providing greater habitat 
benefits. In fact, living shoreline projects are underway throughout Maryland’s portion 
of the Bay. Maryland’s critical area law provides additional protections for conservation 
and development in areas within 1,000 feet of Maryland’s shoreline. Both initiatives will 
reduce Maryland’s vulnerability over time and protect natural resources from the impacts 
of sea level rise by restoring natural shoreline buffers such as grasses and wetlands and 
limiting new growth in vulnerable areas. 

Effective adaptation necessitates a careful review of policies to ensure they are consistent 
with protecting vulnerable areas. For example, Maryland’s Climate Action Plan addresses 
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insurance, flood protection, health assessment needs and agricultural preservation issues. 
These aspects of adaptation raise local, state and federal policy issues and a federal 
framework is needed to comprehensively shift to an effective adaptation strategy. The 
legislation addresses this need, for example, through its requirement for development of a 
National Strategic Action Plan to address the impacts of climate change on public health, 
and through its provisions requiring the federal adaptation plan to establish programs to 
address flooding impacts. 

More recently, Maryland’s Climate Change Commission has initiated development of a 
second phase of adaptation planning focused on addressing the impacts of increasing 
temperature, changes in precipitation patterns and increased storm frequency and 
intensity on our water resources, agriculture and forestry sectors, aquatic and terrestrial 
ecosystems, human health, transportation systems and land use. Our goal is to produce 
adaptation strategies for each of these sectors by June 2010. These actions would be far 
more efficient and effective if coordinated with a national strategy as called for in the 
proposed legislation. 


The Import of a National Strategy 

States and local governments are at the front lines of planning for climate change. 

These efforts though are in significant need of action at the national level. 

First, effective adaptation needs a clear national strategy. This strategy should integrate a 
national approach to natural resource adaptation based on effective coordination among 
state and federal agencies. In the Chesapeake Bay region alone, at least three separate 
climate change adaptation strategies have been produced in the last year and half - all by 
different governmental organizations and all calling for enhanced intergovernmental 
coordination. Maryland supports the provisions of the bill that establish a Natural 
Resources Climate Change Adaptation Panel, provide for development of a national 
adaptation strategy in close collaboration with the states and require that strategy to 
include specific mechanisms for ensuring coordination and communication between the 
federal and state natural resource agencies. Prioritizing actions is the most efficient way 
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to begin to address the wide ranging impacts of climate change and is also fundamental in 
Maryland’s Climate Action Plan implementation process. 

Second, if the Country is to successfully address adaptation, dedicated funding is 
necessary for effective state adaptation plans. In addition to funding provided through the 
Natural Resources Climate Change Adaptation Account, funding specifically targeted to 
protection of the Chesapeake Bay and other estuarine systems through the Coastal and 
Great Lakes Adaptation Program acknowledges the need to address rising sea levels, 
accelerated shoreline erosion, salt water intrusion and other impacts that are unique to the 
coastal states. 

Finally, the key role of states in climate change adaptation planning, including the 
valuable research contribution of state academic institutions, must be clearly established 
and supported by federal programs. We support provisions of this legislation that 
recognize the importance of a strong state/federal partnership in the development of 
climate change science reflected in requirements for the establishment of the National 
Climate Change and Wildlife Science Center to work in collaboration with state agencies 
and the representation of state interests on the national Science Advisory Board to be 
established by the Departments of Commerce and Interior. Provisions of the bill 
establishing the National Wildlife Habitat and Corridors Information Program are 
designed to facilitate collaborative efforts to develop a GIS database of fish and wildlife 
habitat corridors and mechanisms to support joint federal/state research, mapping and 
planning. 

In conclusion, a collaborative relationship between the federal and state government 
agencies with responsibility for developing and implementing a national adaptation 
strategy is essential if we as a nation are to be successful in understanding and adapting to 
climate change. The Clean Energy Jobs and American Power Act establishes the 
foundation for a strong federal/state partnership and the development of a cohesive 
national adaptation strategy. 

Thank you very much for your consideration of Maryland’s testimony today. 
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Environment and Public Works Committee Hearing 
The Clean Energy Jobs and American Power Act (S. 1 733) 

Responses of Shari T. Wilson to Follow-Up Written Questions 
October 29, 2009 


Questions from: 

Senator Bernard Sanders 

I. We know in Vermont that energy efficiency has tremendous value, and even though 
Vermont is a leading slate, Efficiency Vermont projects even greater efficiency savings 
in future years. Energy efficiency is a proven way to create jobs and save consumers 
money, while reducing emissions. Would you agree that this Committee should set 
flexible, cost-effective energy efficiency investment criteria for a portion of the allocation 
that is provided for free to electric LDC's under this legislation, just as this legislation 
does for the natural gas allocation? 

Response to Question; Yes. Significant investments in energy efficiency, renewable 
energy and other clean energy programs are a key component of a successful national 
climate change program. The Clean Energy and Jobs and American Power Act should 
ensure that local electricity distribution companies invest at least 50% of the value of 
allowances they receive in such programs. In addition to reducing GHG emissions, these 
investments will also result in a direct financial benefit to consumers through reductions 
in electricity demand. 
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Senator James M. Inhofe 

I . I share your concern with meeting drinking water and waste water needs for your 
population in the future. In my home state of Oklahoma we have undergone a 
comprehensive water plan to ensure we can meet Oklahoma's water needs for the next 50 
years. I understand that more slates are beginning this process. Has Maryland considered 
this approach to water planning? 

Response to Question: Yes, Maryland has a comprehensive approach to water planning. 
A 2005 Executive Order charged an Advisory Committee on the Management and 
Protection of the State’s Water Resources with assessing the condition of the State’s 
water resources management program, recommending steps to assure that the program 
will provide for the long-term use and protection of Maryland’s water resources, and 
recommending a strategy and appropriate funding for sustainable management of these 
resources. While the Advisory Committee recommended a more robust, comprehensive, 
fully-integrated State water resources management program, the next step is the 
development of two necessary water supply studies; the Coastal Plain Aquifer Study and 
the Fractured Rock Water Supply Study to better define water resources and begin to 
obtain the data that will be necessary to plan in the face of increased drought frequency. 

While this country, through the Safe Drinking Water Act and the State Revolving Loan 
Fund has developed a very safe system of water supply, less funding has been available 
for assessing groundwater supplies. This type of assessment work will be critical to 
prudently plan for the increasing variability of precipitation patterns. S. Bill 1 771 would 
specifically provide resources dedicated to that purpose and initiate this critical work. 

The planning provisions of the Bill w'ould also significantly enhance the opportunity for 
close regional collaboration. As we all recognize, natural systems such as groundwater 
systems do not recognize political boundaries. Together, the funding and planning 
provisions of the proposed legislation significantly improve the country’s ability to be 
prepared for climate change. 


2. 1 believe that our problems with water planning are not simply tied to climate change 
but also aging infrastructure and lack of resource planning. I have long been a supporter 
of infrastructure bills such as S. 1005 the Water Infrastructure Financing Act of2009, 
which 1 co-sponsored with Senators Boxer, Cardin and Crapo. A robust SRF would 
address many of your concerns. If the SRF bill is passed and more funds are made 
available to meet state and local needs, would it alleviate many of the concerns you have 
expressed? You mention the need for a coordinated research strategy on water 
adaptation. What are the improvements needed for existing research? Are you 
concerned that an increased Federal role in climate adaptation could undermine efforts 
that Maryland has put in place, understanding that Maryland is closest to the problems 
that Maryland has when dealing with climate adaptation? 
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Response to Question: Yes, 1 agree that our problems with water planning are not 
simply tied to climate change, but also aging infrastructure and lack of resource planning. 
Maryland just completed its most recent drinking water and wastewater needs survey, 
with the State’s needs totaling $14 billion. Nationally, the difference between current 
investment and need over the next 20 years is $534 billion. So it is obvious from these 
numbers that the nation has major needs independent of climate change. Maryland is a 
strong advocate for a more robust SRF to help address this funding shortfall and would 
welcome the additional funding contained in S. 1005 — The Water Infrastructure 
Financing Act of 2009. 

However, it should be noted that the infrastructure funding necessary for the states to 
adapt to climate change is a separate issue and need from aging infrastructure. The most 
recent national water and wastewater needs survey does not include funding needed for 
climate change adaptation. This is why it is essential that the “Clean Energy Jobs and 
American Power Act’’ include funding for water and wastewater adaptation, as is 
cunently included in Section 381 - Water System Mitigation and Adaptation 
Partnerships. Federal funding for these adaptation projects will provide a much needed 
source of funding to facilitate these projects and will help to defray costs that would 
otherwise be passed along in the form new water and sewer assessment fees to 
ratepayers. 

We advocate for the expansion of existing research on water adaptation. Under Subtitle 
B Section 2 1 1 , the "Clean Energy Jobs and American Power Act” provides funding for a 
comprehensive study into the full range of impacts on drinking water utilities, including 
impacts on water supplies, facilities, and customers. This comprehensive study is 
essential to develop effective federal and slate water adaptation plans and assist the 
utilities in adapting to the effects of climate change. 

I am not concerned that an increased Federal role in climate adaptation could undermine 
efforts that Maryland has put in place. We need the National Strategy that this legislation 
provides. Climate adaptation has to be a partnership between the federal government, the 
States, and local governments. The federal government can provide much needed 
funding and specific expertise for climate adaptation that States and local governments do 
not have. Also, the federal government is best positioned to coordinate adaptation 

A prime example of this is the Chesapeake Bay, with its 64,000 square miles of 
watershed that lie in six states and the District of Columbia. Climate change will present 
an entirely new set of challenges for the Bay states in our efforts to restore the Bay’s 
water quality. The federal government can help by coordinating adaptation efforts for the 
Bay and providing additional funding to the Bay States. 

While Maryland is closest to Maryland’s climate change problems, and will in many 
instances, Ik implementing the adaptation strategies to minimize the effects of climate 
change, the assistance of the federal government is essential to climate change adaptation 
efforts. 
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3. What can the bill do to ensure that your programs are protected, while maintaining a 
proper federal/state partnership? 

Response to Question: With the exception of the preemption of state trading programs 
during the first six years of the federal trading program, the bill largely preserves existing 
and future state regulatory authority, and in at least one instance, actually expands state 
authority. We were very pleased to see the many provisions in the bill that provide for 
state representation on federal climate change panels and require EPA and other federal 
agencies with responsibility for climate change programs to work collaboratively and in 
close cooperation with the states to develop and implement a national climate change 
program. The bill recognizes the leadership role that the states continue to play in 
addressing climate change and the manner in which federal agencies can benefit from 
the expertise developed by the states. These provisions should be retained in the Senate 
bill and in the climate change bill ultimately passed by Congress. 


4. What steps is Maryland taking to help farmers adapt to climate change? 

Response to Question: Protection and conservation of the State’s agricultural land is an 
important strategy in Maryland’s Climate Action Plan. Maryland has as its goal, the 
protection of 1 .2 million acres of productive agricultural land by 2020. The goal is to 
ensure no net loss of agricultural land. 

Development of an intra- and interstate nutrient and carbon trading program for farmers 
in Maryland and the other Bay states is another important strategy in Maryland’s Climate 
Action Plan. Such a trading program will allow Maryland farmers to benefit 
economically from implementation of Best Management Practices that go beyond 
regulatory requirements and reduce the use of nitrogen fertilizers, which release nitrous 
oxide, a potent greenhouse gas. 

Climate change impacts to our water supply resources as a result of drought and salt 
water intrusion in the coastal areas of the State have the potential to significantly impact 
the availability of water for agricultural irrigation needs. Maryland is currently 
considering changes to its water re-use policy in an effort to facilitate more widespread 
use of gray water for a broader range of uses, including irrigation needs. 

The Maryland Climate Change Commission has recently implemented Phase II of 
developing an adaptation strategy to focus more attention on agricultural and other sector 
based impacts. A principal focus of this second phase is assessment of the impacts of 
temperature, drought, changes in precipitation patterns and increased storm severity on 
six specific sectors, including agriculture. 


5. If this bill became law, could the mandate to employ "all practical means” to protect 
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fish and wildlife be used in litigation to undennine federal and state laws, agreements and 
contracts governing the allocation of water resources and the use of public lands? 

Response to Question; It is difficult to speculate about how attorneys might use specific 
phrases in litigation. This provision of the Bill would, though, ensure the employment of 
adaptation strategies to undertake effective climate change mitigation measures. 


6. Do you believe the mandate to employ "all practical means" to protect fish and 
Wildlife could be used to justify involuntary re-allocations of water, land and other 
resources away from current users in order to protect fish and wildlife? 

Response to Question: It would seem that if alternative water supplies were available to 
current users, in certain circumstances it might be practical to reallocate and substitute 
alternate water supply. 


7. Should the bill put safeguards for domestic agriculture on an equal footing with 
safeguards for fish and wildlife? 

Response to Question: A principal focus of the adaptation provisions of the bill is on 
mitigation of climate change impacts that have the potential to affect the agriculture 
sector of our economy. National and state natural resources adaptation plans will 
address, among other things, impacts to our water supply from more frequent and longer 
lasting droughts, salt water intrusion into our fresh water aquifers, changes in patterns of 
precipitation, rising temperatures and sea levels and shiAs in vector populations — impacts 
that all have the potential to diminish or otherwise affect agricultural production in this 
Countiy. Agriculture will benefit directly and significantly from implementation of 
federal and state adaptation plans that address and mitigate these impacts. 
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Senator Lamar Alexander 

1. A company called PurGen is trying to build a coal-gasification-and-carbon- 
sequestration plant in Linden, New Jersey. The plant would trap its carbon emissions 
and sequester it in ocean rock formations off Atlantic City. Secretary of Energy 
Steven Chu has said carbon sequestration will be an essential strategy in coping with 
climate change. So who is opposing the PurGen plant? The Sierra Club, the Edison 
Wetlands Association, the New Jersey Environmental Federation. "This plant is a $5 
billion environmental ponzi scheme that not only won't work but will lead to 
environmental disaster," they say. Several environmental groups in New England 
(Vermonters with Vision, People's Task Force on Wind Power, Ridge Protectors, 

Save Vermont Ridgelines, Green Berkshires, War Against Wind) have worked to 
oppose wind projects in northern New England. These and other opposition groups 
have managed to stall wind farms in more than a dozen states across the country. 

a. How can we expect to pass a bill that is saying take carbon emitting plants 
offline or phase them out or implement carbon capture technology or put up 
clean power like wind, when projects like this are being blocked by 
environmental concerns across the country? 

Response to Question: The siting of new large facilities of any type will generate 
concerns. To effectively answer questions and reduce controversy a range of options 
exist. Through environmental assessments, investment in research, improving 
technologies and education about these new technologies, siting concerns, environmental 
impacts and concerns about emerging technologies associated with developrnent of new 
clean energy sources can be reduced. These same concerns exist with today’s well tested 
technologies and are always a challenge. A well planned project, including a candid and 
effective outreach component, can be very effective in alleviating concerns. 


2. As Senator Boxer has stated, the analysis of these cap and trade bills says that 100 
nuclear plants or more, in addition to what we have today, will need to be constructed 
to meet the carbon reduction goals. 

a. How can these reactors be built if they are meeting the same opposition from 
environmental groups? 

b. Is it really plausible to say these plants will be built because of Kerry-Boxeror 
Waxman-Markey when there will be attempts to block and litigate by 
environmental groups? 

Response to Question; Construction of new nuclear power plants and units in this 
Country is subject to a comprehensive and well-established licensing process that 
provides for public participation. As we mentioned in the answer to the preceding 
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question, the siting of new large facilities of any type will generate concerns. A well 
planned project, including a candid and effective outreach component, can be very 
effective in alleviating concerns. 

While we respectfully decline to speculate on the ultimate outcome of pending or future 
licensing proceedings, ihe Clean Energy and Jobs and American Power Act provides a 
forward looking plan for the Country to enhance energy independence. This will lead to 
development of new regulations, new nuclear power proposals and new technologies. 
Through such a transformation, once can expect some litigation, but the possibility of 
litigation should not deter us from this opportunity for energy independence. 
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Senator Boxer. Thank you so much. 

Our next panelist is Ronald E. Young, President of the California 
Association of Sanitation Agencies. And we are very happy to have 
you here, sir. 

STATEMENT OF RONALD E. YOUNG, PRESIDENT, CALIFORNIA 
ASSOCIATION OF SANITATION AGENCIES 

Mr. Young. Thank you. Madam Chair. 

Today, I represent my local agency, which is a water and waste- 
water agency that recycles water for about 100,000 people. I rep- 
resent the California Association of Sanitation Agencies, which in- 
cludes 124 publicly owned treatment works that treat wastewater 
for over 25 million people in California. 

And I also have the honor of representing the National Associa- 
tion of Clean Water Agencies, NACWA. They represent over 300 
POTWs nationwide which serve over 80 percent of the sewered 
communities in this Nation. 

I am grateful to appear, and I am pleased that this bill, S. 1733, 
represents a solid step toward finding solutions for water sector cli- 
mate change impacts. And we support this endeavor. 

The POTW owners and operators believe we can play an impor- 
tant role in participating in climate change solutions. We generate 
sources of renewable energy, such as digester gas, biosolids, and 
biodiesel. If harnessed, these resources can reduce greenhouse 
emissions. And we also produce recycled water, and this is a cli- 
mate resilient water supply. 

Water supply and water quality services are like the canary in 
the coal mine. POTWs will be among the first and hardest hit by 
climate change. This is because most communities use gravity as 
their source of energy to convey wastewater to the treatment 
plants. These treatment plants are located at the lowest end in the 
watershed. In coastal areas, the plants are often located along the 
coast or in tidal estuaries. 

Even in the case of inland locations, these outfalls and plants are 
located in river valleys and flood plains. Therefore, our agencies 
acutely experience the effects of either sea level rise or storm surge 
events attributable to climate change. 

In the West, and particularly in California, my State, we are also 
experiencing a severe drought, and it has wreaked economic havoc 
on the entire State. The impact of unpredictable precipitation and 
decreased water content in the snow pack has resulted in a state- 
wide effort to reduce water consumption. This reduction is being 
done through conservation. It is also forcing consideration of con- 
struction of alternative water supply production such as recycling 
and desalination plants. 

Climate analyses indicate that modified weather patterns, de- 
pending on the region, will produce too much or too little water. 
For example, severe storms that can lead to surges of wastewater 
flows that can overwhelm collection systems and treatment plants. 
Alternatively, drought conditions lead to reduced flows and in- 
creased concentration of pollutants that compromise wastewater 
flows. 

Other impacts that we believe our agencies expect to encounter 
include rising sea levels that inundate infrastructure and cause 
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health risks, warmer ambient surface water temperatures that will 
likely lead to new regulatory requirements and associated treat- 
ment needs, and decreased potable water supplies requiring great- 
er reuse and recycling of wastewater effluent. 

Today, I am proud to present this report that NACWA and the 
Association of Metropolitan Agencies are releasing. It is a study on 
the impacts and challenges the wastewater community expects to 
encounter. It is entitled Confronting Climate Change: An Early 
Analysis of Water and Wastewater Adaptation Costs. 

I provide a copy of the study and request that it be included into 
the record as part of the formal committee record. 

Senator Boxer. That will be done. 

Mr. Young. Thank you. 

The most important finding in this report is that climate change 
impacts on agencies will impose costs as high as $900 billion by the 
year 2050, depending on how quickly we reduce emissions in the 
meantime. This is in addition to the existing half a trillion dollar 
funding gap for water infrastructure. That is a total of almost $1.5 
trillion. 

The report found agencies would need to address the issues of 
bigger rainstorms, higher treatment requirements, more energy de- 
mands, more shutdowns of service because of these calamities, 
more emergency situations, and less safe and reliable water sup- 
plies. 

There are opportunities, though, and these come with the energy 
that can be produced from our wastewater solids. We believe that 
up to 10 times as much energy can be produced from the solids out 
of wastewater as is required to treat our wastewater. 

So, one of the things that is very important for this legislation 
is, and we request, that the committee explicitly identify biogas 
and biosolids as renewable energy sources for purposes of meeting 
the goals and objectives of this bill. 

In conclusion, CASA and NACWA support the comprehensive cli- 
mate change legislation, and we believe the bill will put us on the 
path toward reversing and avoiding catastrophic impacts of climate 
change. 

I look forward to answering your questions. 

[The referenced report was not received at time of print.] 

[The prepared statement of Mr. Young follows:] 



726 



CALIFORNIA ASSOCIATION of SANITATION AGENCIES 


1225 K Street. Suite 2290 • SacrameiUo, CA 95814 • im,: (916) 446-0388 - FAX; (916) 231-2142 • www.casaweb.oig 

THE NATIONAL ASSOCIATION OF CLEAN WATER AGENCIES 




Executive Board 1816 JeffersoB PUce N.W., Washingtoa D.C. 20036 

President — — — — — — - — ■ — 

RONALD E. YOUNG. RE., DEE 
Elsinore Valley Municipal 
Water District 


Secretary-Treasurer 
TOM SELFRIDGE 
Tnickee Sanitary District 

1st Vice President 
BARBARA D. HOCKETT 
Central Contra Costa 
Sanitary District 

2nd Vice President 
GARYW. DARLING 
Delta Diablo Sanitation Di.stiict 

PERVAIZ ANWAR 
Brown and Caldwell 

KAMIL S. AZOURY 
Goleta Sanitary District 


TESTIMONY 
ON THE 

CLEAN ENERGY JOBS AND AMERICAN POWER ACT 
S. 1733 

PRESENTED BY 
RONALD E. YOUNG 
GENERAL MANAGER 

ELSINORE VALLEY MUNICIPAL WATER AGENCEY 


JEFFERY G. HANSEN 
Dublin San Runton Services District 

JOHNE.HOAGLAND 
Rancho California Water District 

STEVE HOGG 
City of Fresno 

JEFFMOORHOVSE 
Catpinteria Sanitary District 


ON BEHALF OF 

CALIFORNIA ASSOCIATION OF SANITATION AGENCIES 
AND 

NATIONAL ASSOCIATION OF CLEAN WATER AGENCIES 


HARRY T. PRICE 
Palrfiejd-Suisun Sewer 
City of Fairfield 

MARG/iBLRfCE 
Midway City Sanitary District 

DAVID R. WILLIAMS 

East Bay Municipal Utility District 


SUBMITTED TO THE 

COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS 
U.S. SENATE 


CATHERINE SMITH 
Executive Director 


MICHAEL F. DILLON 
Slate Lobbyist 

GREG KE.STER 
Biosolicis Program Manager 


OCTOBER 28, 2009 


ROBERTA L LARSON 
Director of Legal & Regulatory 


ERIC SAPIRSTEIN 
Federal Legislative AdviKate 

Ensuring Clean Water for California 



727 


Thank you Chairman Boxer and members of the Committee. I am Ronald E. 
Young, General Manager of Elsinore Valley Municipal Water District located in 
Lake Elsinore, California. I appear before the committee today as President of the 
California Association of Sanitation Agencies (CASA), a statewide organization 
representing 124 publicly owned wastewater treatment works (POTWs) that 
provide water quality services to more than 25 million Californians. Aside from 
my agency, CASA represents small, medium and large agencies representing over 
90% of California’s sewered population. I also appear before you on behalf of our 
national organization, the National Association of Clean Water Agencies 
(NACWA) that represents nearly 300 POTWs across the country Including 
numerous California wastewater agencies. Collectively, NACWA members 
provide wastewater treatment services to 80% of all sewered communities. 

At the outset, we are grateful for the opportunity to appear before the Committee 
and to lend our support to the Committee’s efforts to address climate change 
impacts. The Clean Energy Jobs and American Power Act (S. 1733), sponsored by 
Chairman Boxer and Senator John Kerry, represents a significant step in this 
endeavor. Equally Important, S. 1733 will position our nation to leverage 
economic opportunities that will evolve from the new energy efficient economy. 

POTW owners and operators believe we can play an important role in participating 
in climate change solutions. We generate sources of renewable energy such as 
digester gas, biosolids, and biodiesel fuel that if harnessed can reduce energy 
consumption and reduce greenhouse gas emissions. We also produce recycled 
water - a climate resilient water supply. 

CASA and NACWA believe that water supply and water quality are like the 
canary in the coalmine. Our member agencies will experience the first significant 
infrastructure impacts of climate change. POTWs will be among the hardest hit by 
climate change. Because most communities use gravity to convey wastewater to 
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treatment plants, wastewater plants are generally located at the low point in each 
watershed. In coastal areas, plants are often located along the coast or within an 
estuary. Even in the case of inland locations, plants and the outfalls are within 
river valleys and floodplains. Therefore, wastewater agencies will acutely 
experience the effects of either sea level rise or storm surge events attributable to 
climate change. 

Wastewater collection systems are already stressed when managing wet weather 
flows. Under climate change conditions, we expect an increase in extreme stoim 
events - indeed, recent weather events in places like Atlanta and Louisville appear 
to be a portent of the new climate-modified environment we face. These extreme 
storms can exceed the current capacity of much of our wastewater infrastructure, 
meaning we will need to invest significantly in upgrading systems to prevent raw 
sewage overflows Ifom endangering public health. 

In the West, and particularly in my state of California, we are experiencing severe 
drought that has wreaked economic havoc in the Central Valley, the nation’s most 
productive agricultural region, due to greatly reduced water supplies. Throughout 
California, the impact of unpredictable precipation and decreased water content in 
snowpack has resulted in a statewide effort to reduce water consumption. This is 
being done through conservation efforts and the consideration of construction of 
alternative water supply production such as recycling and desalination projects. 

Across the nation, climate analyses illustrate that there will be modified weather 
patterns that, depending on the region, will produce too much or too little water. In 
each instance, this will impose substantial operational costs upon public agencies. 
For example, severe storm events can lead to surges of wastewater flows that can 
overwhelm collection systems and treatment plants. Alternatively, drought 
conditions can lead to reduced flows and increased concentration of pollutants that 
comprise the wastewater flows. In each case, these events will likely require 
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changes in treatment system operations and control technologies. Other impacts 
that we believe our agencies are expected to encounter include: rising sea levels 
that inundate infrastructure leading to increased health risks, warmer ambient 
surface water temperatures which will likely lead to new regulatory requirements 
and associated treatment needs, and decreased potable supplies which will require 
greater reuse and recycling of wastewater effluent. 

These are new and real challenges that public officials must address in addition to 
the mounting demands on our limited resources for traditional infrastructure needs. 

THE NEED FOR ADAPTATION ASSISTANCE 

Today, NACWA and the Association of Metropolitan Water Agencies (AMWA) 
have released a study on the kinds of impacts and challenges the wastewater 
community expect to encounter, and the projected costs of meeting those 
challenges. Titled “Confronting Climate Change: An Early Analysis of Water and 
Wastewater Adaptation Costs”, the report examines the likely climate-related 
effects to our water resources and the resulting impacts to our water systems. I 
provide a copy this study and request that it be included as part of the formal 
committee record along with my testimony. I will highlight the findings below. 

As CASA and NACWA have testified in the past, current infrastructure demands 
that our agencies must meet already are estimated to exceed half a trillion dollars. 
This amount does not take into account the costs to address challenges of climate 
change. According to the NACWA/ AMWA report, we expect the costs for water 
and wastewater agencies to adapt to climate change to be in the range of one-half 
to one trillion dollars just thru 2050, as explained in greater detail below. 

We also believe that climate change presents us with opportunities. It is forcing 
our agencies to find ways to build upon the innovative energy savings developed 
over the past few decades. According to Water Environment Research Foundation, 
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POTWs could generate ten times the amount of energy required to actually treat 
wastewater flows. In fact, these public agencies have the potential of producing up 
to twelve percent of nation’s energy demand. The development of this important 
legislation should incorporate this imderutilized energy resource as part of the 
solution to reduce greenhouse gas emissions and advance energy security. We 
therefore request that the committee explicitly identify biogas and biosolids as 
renewable energy resources for purposes of meeting the goals and objectives of S. 
1733. 

With these general points of interest, I would like to turn to specific provisions 
contained in S. 1733 that we believe offer real promise to reduce the impacts of 
climate change upon our agencies and move the nation toward a sustainable energy 
policy. 

We are pleased that S. 1733 recognizes the unique challenges that climate change 
will pose to our nation’s water, wastewater and stormwater utilities and includes 
provisions to help address those challenges. Specifically, S. 1733 includes the 
‘’’’Water System Mitigation and Adaptation Partnerships” (Section 381) program 
which would establish a competitive grants program to assist water systems with 
adaptation needs. The nation’s water, wastewater, and stormwater utilities would 
be able to be eligible to compete for funding to undertake projects to adapt their 
operations to climate change impacts. Eligible projects include efforts to conserve 
water or Increase the efficiency in its use, preserve or improve water quality, 
rebuild or relocate threatened infrastructure, protect source waters and ecosystems, 
or implement advanced treatment technologies such as water reuse, recycling, and 
desalination. 

According to our early analysis, wastewater utilities across the U.S. can expect: 

• Increased extreme precipitation events. 
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• Increased treatment requirements, 

• Higher energy demand, 

• Increased service disruptions from flood, 

• Increased emergency response and recovery, and 

• Declining safe and reliable water supplies. 

Some of the adaptation strategies that wastewater facilities will likely use to 
address these challenges include: 

• Increasing the use of both green and grey infrastructure and processes to 
manage wet weather flows, as well as more efficient treatment technologies. 
Though we anticipate green infrastructure technologies can help us manage 
larger volumes of stormwater to some degree, these approaches alone are 
insufficient. As witnessed by the recent flooding in Georgia, wastewater 
plants can quickly become overwhelmed and discharge partially treated or 
raw sewage due to extreme storm events unless there is sufficient capacity to 
handle the extra volume. 

• Increasing the treatment of effluent, including cooling of the effluent, to 
address likely increased surface water temperatures of receiving bodies 
whose ecological health will be compromised imder global warming. 

• Relying more heavily on the use of recycling and reuse technologies so that 
wastewater can help compensate for the decrease in drinking water 
availability and supplies. In California, we have seen a dramatic increase in 
the interest to develop such projects to respond to the drought and ensure a 
safe and reliable water supply. 
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• Elevating pumping stations, building levees and, in some circumstances, 
relocating treatment works to avoid rising sea levels from rendering the 
wastewater plant inoperable. 

These are just a few of the impacts and adaptation strategies considered by the 
report. This study, conducted by the consulting firm CH2M Hill, is an early 
assessment of the adaptation costs. It does not account for all likely impacts or 
future regulatory controls that policy makers may deem necessary. However, it 
does provide us with an understanding of the magnitude of the problems we in the 
wastewater sector face and the estimated price tag could be as high as $ 1 trillion 
unless substantial reductions of GHG occur. 

Even if our agencies and others initiate climate change mitigation programs and 
projects , existing federal programs fail to account for the fact that current 
atmospheric concentrations of greenhouse gases (GHG) ensures that our climate 
will undergo some degree of warming which will lead to severe impacts on our 
water resources and their treatment. CASA and NACWA firmly believe that if 
wastewater treatment facilities are to provide uninterrupted, high-quality service to 
their customers and install new technologies and processes to meet climate change 
challenges, any climate change bill must address these needs. We believe the 
Water Systems Mitigation and Adaptation Partnership program contained in S. 
1733 is the correct approach and will establish a foundation to help communities 
manage climate change impacts.that can impair om mission to protect human 
health and the environment. 

RENEWABLE ENERGY AND POTW CONTRIBUTIONS TO 
SUSTAINABLE ENERGY 

In addition to the important attention S. 1 733 provides to focus on the impacts 
upon infrastructure and operations of wastewater treatment systems, we believe 


Page 6 of 8 



733 


that energy production should also be addressed. S. 1733 offers a number of 
avenues to enhance our nation’s ability to develop alternative energy technologies 
to reduce emissions. For our purposes, we contend that the alternative energy 
production options should not foreclose any option. 

In the case of wastewater treatment operations, the process of treating wastewater 
generates a significant resource for energy production in the form of biosolids. 
According to the Water Environment Research Foundation , biosolids contain 
enough potential energy to meet twelve percent of the nation’s energy demand. In 
simple terms, this is enough energy to meet the annual power needs of New York 
City, Flouston, Dallas and Chicago. Researchers have measured the raw energy 
content of biosolids and determined that the embedded energy is significant and 
can provide for significant energy production. Use of biosolids and biogas for 
energy generation can lead to enhanced stewardship in the way we can reuse this 
resource, create new employment opportimities and reduce greenhouse gas 
emissions. 

Currently wastewater treatment plants produce only a fraction of the energy they 
need to operate. In order to ensure that our renewable energy portfolio is as 
diverse as possible, we need to incorporate the wastewater sector into the 
renewable energy production effort. In the San Francisco Bay area, a coalition of 
local agencies has begun to examine the feasibility of using this energy resource. 
We believe that projects like this offer a meaningful way to minimize waste 
products, increase the use of green energy technology, and reduce greenhouse gas 
emissions. Some states, such as Massachusetts and Colorado, already allow biogas 
and biosolids produced through the wastewater treatment process to qualify as 
renewable biomass for the purposes of including this energy resource in a state’s 
Renewable Electricity Portfolio Standard. 
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We urge the committee to include language that will enable all wastewater 
treatment utilities to participate in the national Renewable Electricity Portfolio 
Standard program. 

CONCLUSION 

We support comprehensive climate change legislation and believe S. 1733 will put 
us on the path toward avoiding the catastrophic impacts climate change will have 
on our water resources. We believe the bill addresses critical adaptation challenges 
facing the water sector and look forward to working with you to provide a pathway 
for the wastewater treatment sector to help America become energy independent. 

I would be pleased to respond to any questions the committee may have at this 
time. 
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RESPONSES 

COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS 
CLIMATE CHANGE HEARING FOLLOW-UP QUESTIONS 
SUBMITTED BY 

CALIFORNIA ASSOCIATION OF SANITATION AGENCIES 


Question 1 from Senator Inhofe 

I agree that many ecological and demographic changes are occurring that put a great 
degree of pressure on many outdated water systems, and I agree that Congress 
should provide more funding to help improve local water infrastructure. That's why 
Senators Boxer, Cardin, Crapo and I are trying to pass legislation to modernize the 
State Revolving Funds. A robust SRF would address many of your concerns. If the 
SRF bill is passed and more funds arc made available to meet to state and local 
needs, would that alleviate many of the concerns you have expressed? In your state, 
we've already seen the devastating impacts of regional water struggles being 
exaggerated by mandated federal species protection laws that have severely 
restricted - and fora period of time cutoff- water to many farmers and citizens in 
the Central Valley. Estimates arc that some areas of the valley have seen 
unemployment levels as high as 40% and much of the valuable farmland lays fallow. 
My concern is this: we already have unrelenting federal laws creating absurd 
results, threatening private property rights, and taking huge economic tolls on local 
communities. Couldn’t this bill's mandate that "all practical means" to protect fish 
and wildlife be used in litigation to undermine existing federal and state laws, 
agreements and contracts governing the allocation of water resources and the use of 
public lands? Could this new mandate be used to justify involuntary re-allocations 
of water, land and other resources away from current users in order to protect fish 
or wildlife? 

Answer: 

We believe the SRF bill is a good start to renew the federal partnership in environmental 
infrastructure assistance. However, this is a tool that targets existing needs. As most experts 
agree, including USEPA, these needs exceed $S00 billion across the nation If the SRF funds were 
diluted to address other purposes like climate change, the ability of communities to rely on the 
SRF program to meet their existing infrastructure needs would be compromised if not 
constrained. 

My testimony focused on the priority to address infrastructure impacts on wastewater treatment 
facilities. As such, we did not .address the bill's impacts upon existing federal and state water 
contracts, rights and laws or on public lands use. As public ofTicials involved in the treatment of 
wastewater to improve water quality that impact receiving waters and ecosystems, we believe that 
it is vital to ensure that resources are reliably available to respond to climate change impacts as 
detailed in our testimony. With regard to the concern posed about using mandates to shift 
resources involuntarily away from current users, we believe that this is a (piestion more 
appropriately answered by attorneys schooled in slate water laws and contracts and general 
naturals resources law. 
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Question 2: 

EPA has found that passage ofS 1733 - without similar GHG reductions from other 
nations - will not reduce overall GHG levels, thus it will not significantly reduce the 
impacts from alleged man-made climate change. Given this finding that climate 
change will occur with or without this bill, please explain how a federal cap and 
trade program would directly improve the performance of domestic water systems? 


Answer: 


As wc noted in our testimony, many wastewater systems have the potential to become energy self 
sufficient by recapturing and reusing the methane generated on site through the treatment process. 
Our sector may even be able to provide a clean source of renewable energy back to the grid. In 
addition, wastewater utilities are currently pursuing projects and further research related to GHG 
reduction and sequestration. If wastewater utilities arc allowed to sell offsets or credits under a 
cap and trade framework, this will provide a powerful market-based incentive and opportunity to 
accelerate the movement toward energy self-sufficiency and GHG reductions. While wc believe 
that it is not appropriate to regulate essential public services such as wastewater utilities under a 
cap, we do believe that a market-based cap and trade system will advance energy efficiency and 
GHG reductions. 
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Senator Boxer. I am very proud to have that support, and I will 
let Senator Kerry know about your comments. 

Our next witness is Dr. Peter Frumhoff, Chief Scientist, Climate 
Campaign, Union of Concerned Scientists. 

Welcome. 

STATEMENT OF PETER C. FRUMHOFF, PH.D., DIRECTOR, 

SCIENCE AND POLICY, AND CHIEF SCIENTIST, CLIMATE 

CAMPAIGN, UNION OF CONCERNED SCIENTISTS 

Mr. Frumhoff. Thank you. Madam Chair and distinguished 
members of the committee, thank you for the opportunity to speak 
with you today. 

I am Dr. Peter Frumhoff, Director of Science and Policy at the 
Union of Concerned Scientist and Chief Scientist of our Climate 
Campaign. I have been privileged to serve as a lead author on mul- 
tiple reports of the Intergovernmental Panel on Climate Change 
and guide several assessments on climate change impacts on the 
United States. 

The Union of Concerned Scientists strongly supports the inclu- 
sion of sound domestic and international climate adaptation invest- 
ments as an essential complement to emissions reductions within 
the Clean Energy Jobs and American Power Act of 2009. 

As you know, the U.S. National Academy of Sciences and vir- 
tually every major U.S. and international scientific body with rel- 
evant expertise have affirmed that global warming is underway 
now and primarily human caused. 

The climate related impacts are expected to increase in severity 
and extent, and meeting the climate challenge requires two ap- 
proaches, both swift and deep reductions in our emissions of heat 
trapping gases and investments in adaptation to help us cope with 
those impacts that are now unavoidable. 

Now, the reason why adaptation is so essential is that substan- 
tial further warming is locked in due to the heat trapping gases 
that we have already emitted. Much of that heat has been absorbed 
by the earth’s oceans. As the oceans release that heat, the atmos- 
phere will continue to warm for the next several decades. 

Further, the carbon dioxide that we have already released 
through our burning of fossil fuels and clearing of forests lingers 
in the atmosphere for several decades, continuing to warm the cli- 
mate. 

Smart investments to prepare for now unavoidable impacts are 
essential, for example, to ensure that our Nation’s low lying coastal 
infrastructure from New Orleans to Boston are resilient to rising 
sea levels, that our public health systems can cope with more fre- 
quent extreme heat and changing disease vectors, and that our cit- 
ies and industries and ecosystems can address and cope with the 
additional stress that climate change will increasingly place on our 
Nation’s fresh water resources through declining snow packs and 
more frequent and more severe floods and droughts. 

It is also directly in our national interest to help the most vul- 
nerable developing nations cope with now unavoidable climate 
change. I am pleased that the proposed legislation includes provi- 
sions that support international adaptation and would respectfully 
submit that those investments could well be increased. 
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But adaptation alone is not sufficient. Beyond the next few dec- 
ades, the cost, and indeed, the feasibility of adaptation, depends on 
how swiftly we reduce our emissions. In June of this year, a team 
of more than 30 of our Nation’s top scientists released a major as- 
sessment of global climate change impacts on the United States. 
This peer-reviewed Federal report, initiated and largely carried out 
under the Bush administration, documents extensive impacts 
across our Nation if we do not swiftly reduce our heat- trapping 
emissions. 

By the end of this century, for example, if we do not swiftly re- 
duce emissions, extreme heat waves as severe as Chicago experi- 
enced in 1995, killing more than 700 people, are conservatively pro- 
jected to occur every year in Indianapolis, Minneapolis and other 
Midwestern cities. 

If we do not swiftly reduce emissions, an average summer in Mis- 
souri is projected to have more than 2 months of days over 100 de- 
grees Fahrenheit. An average summer day in Pennsylvania is pre- 
dicted to feel like a summer day does today in Georgia or Alabama. 

If we do not swiftly reduce emissions, in Minnesota, Michigan 
and Wisconsin, heavy down pours, twice as frequent now as they 
were a century ago, are projected to increase further and cause 
widespread flooding, damage to infrastructure and delay planting 
of crops. 

If we do not swiftly reduce emissions, in New York, New Hamp- 
shire, Vermont and Maine, the winter snow season is conserv- 
atively projected to be cut in half and reduced to just a week or 
two in Pennsylvania. The ski industry across the Northeast, for ex- 
ample, stands to lose up to $800 million in annual revenue. 

tJ.S. leadership is reducing heat trapping emissions by levels and 
great and perhaps ultimately greater than those proposed within 
the Clean Energy Jobs and American Power Act, is essential to 
keep these and other impacts from becoming legacies of climate 
disruption that we leave for our children and grandchildren. 

The opportunity in front of us is to reap the multiple benefits of 
U.S. leadership to a vibrant clean energy economy. I and my col- 
leagues at the Union of Concerned Scientists are pleased to support 
this legislation and to work with this committee to ensure that the 
Act maintains and strengthens provisions to reduce emissions and 
adapt to those changes we can no longer avoid. 

We strongly encourage that this historic legislation be reported 
out of this committee and passed by the full Senate as fully as 
swiftly as possible. 

Further information on climate science, impacts and solutions is 
included in my written submission. 

Thank you. 

[The prepared statement of Mr. Frumhoff follows:] 
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TESTIMONY OF PETER C. FRUMHOFF, PH. D 
DIRECTOR OF SCIENCE AND POLICY 
AND 

CHIEF SCIENTIST, CLIMATE CAMPAIGN 
UNION OF CONCERNED SCIENTISTS 
BEFORE THE 

COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS 
UNITED STATES SENATE 

OCTOBER 28, 2009 


Madame Chair and distinguished Members of the Committee, thank you for the 
opportunity to speak with you today. I am Dr. Peter Frumhoff, Director of Science and 
Policy at the Union of Concerned Scientists (UCS) and Chief Scientist of the UCS 
Climate Campaign. 1 have been privileged to serve as a lead author on multiple reports 
of the Intergovernmental Panel on Climate Change (IPCC) and guide several assessments 
of climate change impacts on the United States. 

The Union of Concerned Scientists strongly supports the inclusion of sound domestic and 
international climate adaptation investments as an essential complement to emissions 
reductions within the Clean Energy Jobs and American Power Act of 2009 (S. 1733). 

As you know, the US National Academy of Sciences, and virtually every major U.S. and 
international scientific body with relevant expertise has affirmed that (i) global warming 
is unequivocal and primarily human-caused, (ii) climate-related impacts are occurring 
now and are expected to increase in severity and extent, and (iii) meeting the climate 
challenge requires two approaches: both swift and deep reductions in our emissions of 
heat-trapping gases and investments in adaptation to help us cope with those impacts that 
are now unavoidable. 

Why both? Adaptation is essential, as substantial near-term impacts are locked in due to 
the heat-trapping gases we have already emitted. Much of that heat has been absorbed by 
the earth’s oceans. As the oceans release that heat, the atmosphere will further warm over 
the next several decades. Further, the carbon dioxide released when we bum fossil fuels 
and clear forests lingers in the atmosphere, continuing to trap heat for many years. 

Smart investments to prepare for now unavoidable impacts are essential, for example, to 
ensure that our nation’s low-lying coastal infrastructure are resilient to rising sea-levels; 
our public health systems can cope with more frequent extreme heat and changing 
disease vectors; and our cities and industries can manage the additional stress that climate 
change will increasingly place on our nation’s freshwater resources through declining 
snow packs and more frequent and more severe floods and droughts. 



740 


It is also directly in our national interest to help the most vulnerable developing nations 
cope with now unavoidable climate change. 1 am pleased that the proposed legislation 
includes provisions to support international adaptation. 

But adaptation alone is not sufficient. Beyond the next few decades, the cost and the 
feasibility of adaptation depend on how swiftly and deeply we reduce our emissions. In 
June of this year, a team of more than 30 of our nation’s top scientists released a major 
assessment of “Global Climate Change Impacts in the United States.” (Karl et al., 2009) 
This peer-reviewed federal report — initiated and largely carried out under the Bush 
administration — documents extensive impacts across our nation if we do not swiftly 
reduce our heat-trapping emissions. 

By the end of this century, for example; 

• Extreme heat waves as severe as Chicago experienced in 1995, killing more than 
700 people, are conservatively projected to occur every year in Indianapolis, 
Minneapolis, and other Midwestern cities. (Karl et al., 2009 Page 1 1 8) 

• An average summer in Missouri is projected to have more than two months of 
days over 100 degrees Fahrenheit. (Karl et al., 2009 Page 29) An average summer 
day in Michigan is projected feel like a summer day does today in Texas (Hayhoe 
et al., 2009). 

• In Minnesota, Michigan and Wisconsin, heavy downpours - twice as frequent 
now as they were a century ago (Karl et al., 2009 Page 20) - are projected to 
increase further and cause widespread flooding, damage to infrastructure, and 
delay planting of crops 

• In New York, New Hampshire, Vermont and Maine, the winter snow season is 
conservatively projected to be cut in half and reduced to just a week or two in 
Pennsylvania (Karl et al., 2009 Page 107) . The ski industry across the Northeast 
stands to lose $400-800 million in annual revenue (Ackerman and Stanton, 2009). 

U.S. leadership in reducing heat-trapping emissions - by levels as great, and perhaps 
ultimately greater than those proposed within the Clean Energy Jobs and American 
Power Act - is essential to keep these and other impacts from becoming the legacies of 
climate disruption that we leave for our children and grandchildren. 

I and my colleagues at the Union of Concerned Scientists are pleased to support this 
legislation, and to work with this committee to ensure that the Act (S.1733) maintains and 
strengthens provisions to reduce emissions and adapt to those changes that we can no 
longer avoid. We strongly encourage that this historic legislation be reported out of this 
committee and passed by the full Senate as swiftly as possible. 

Further information on climate science, impacts and solutions is included in my written 
submission. Thank you. 
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Global Climate Change 


U.S, Global Change Research Program 


How has climate already changed? 


How is climate change affecting us now 
where we live and work? 


HIGHLIGHTS 
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Highlights of Global Climate Change Impacts 
in the United States 


This booWet highlights key findings of Global Qimate Oiange Impacts in the United Stotes, 
a state of knowledge report about the observed and projected consequences of climate 
change for our nation and people. It is an authoritative scientific report written in plain 
language, with the goal of better informing public and private decision making at all levels. 

The report draws from a large body of scientific information including the set of 21 synthesis 
and assessment products from the U.S. Global Change Research Program, the assessments 
of the Intergovernmental Panel on Climate Change, and much more. It also includes new 
information published since these assessments were released. 

While the primary focus of the report is on the impacts of climate change in the United 
States, it also discusses some of the actions society is already taking or can cake to respond 
to the climate challenge. These include limiting climate change by, for example, reducing 
emissions of heat-trapping gases or increasing their removal from the atmosphere. 

The importance of our current choices about heat-trapping emissions is underscored by 
comparing impacts resulting from higher versus lower emissions scenarios. Choices about 
emissions made now will have far-reaching consequences for climate change impacts, with 
lower emissions reducing the magnitude of climate change impacts and the rate at which 
they appear. 


The report also identifies examples of options currently being pursued to cope with or 
adapt to the impacts of climate change and/or other environmental issues. One example of 
adaptation is included in this booklet. There is generally insufficient information at present 
to evaluate the effectiveness, costs, and benefits of potential adaptation actions. 



This booklet includes a brief overview of the 10 key findings of the 

s - • ^ from the report to illustrate each finding. 

. • • rnateriahn this booklet, including figures, 

e:»S: ils* fc trd in the full report. 

Tis^ibll report can be found online at 
ss-ww.globalchange.gov/usimpacts 

It is published by Cambridge University 
Press, with hard copies available at; 
www.cambrid|e.org 
I: ISBN 978-0-521-14407-0 
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Giobal Ciimate Change impacts in the United States describes current and 
future impacts of climate change on various U.S. regions and sectors. 

There are both important commonalities and important differences in the climate-related issues and 
consequences faced around the country. For example, water is a key issue in ait regions, but the specific 
changes and impacts vary. Regional perspectives are thus critical to thinking through responses to the 
changes that will be faced around the nation. 



While the impacts of climate change clearly vary among the regions, there are issues of 
national importance that transcend regional boundaries. Seven such “sectors” (shown 
below) are considered in this report, providing a more integrated national picture of 
impacts, although one with regional differences. 
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Impacts of Climate Change 


Climate change is apparent now across our nation. Trends observed in recent decades include rising 
temperatures, increasing heavy downpours, risii^ sea level, longer growing seasons, reductions in 
snow and ice, and changes in the amounts and timing of river flows. These trends are projected to 
continue, with larger changes resulting from higher amounts of heat-trapping gas emissions, and 
smaller changes from lower amounts of these emissions. The observed changes in climate are already 
causing a wide range of impacts, and these impacts are expected to grow. Select examples follow. 


Sea Ice and Permafrost 
Risks and costs in Alaska increase as 
thawing of permafrost damages reads, 
buildings, and forests, and declining sea ^ 
increases coastal erosion and threat«S^'^^L 
the existence of some communities, 


Forests ' ® 

Forest growth is generally prelected to ^ 
increase in much of the East, but decrease ^ 
in much of the West as water becomes even 
scarcer. Major shifts in species are expected, > 
such as maple-beech-birch forests being 
replaced by oak-hickory in the Northeast, 
insect infestations and wildfires are projected 
to increase as svarming {M^resses. 


Coldwater Fish 
Salmon, trout, and other 
coldwater fish will face 
additional stresses as water 
temperatures rise and 
summer streamflovrs decline.. 
Ecosystems and the tourism. 
and recreation they support 
will be adversely affected ^ 


Interacting Stresses 
Population shifts and development choices 
are making more Americans vulnerable to 
the impacts of climate change. An aging 
populace and continued population shifts to 
the Southeast. Southvrest, and coastal cities 
amplify risks associated with extreme heat: : 
sea-level rise, storm surge, and increasir^ 
wiyh scarcity m some regions 


Coral Reefs 

Rising water temperatures and 
ocean acidification threaten coral 
reefs and the rich ecosystems they 
support. These and other climate- 
related impacts on coastal and 
marine ecosystems will have major 
implications for tourism and fisherk 
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Responding to Ciimat^ Change 

Ae&pons^ to Ornate change fall into two major caisgnies. “Mitigation” focuses on reducing emissions of 
hfeac-trapf^ gases or increasing thar uptake to reduce the amount and speed of climate change. “Adaptation* 
^ changes made to better respond to (»esent or hiture climate conditions in oniier to reduce harm or 
'tike adv^ta^ of oj^rtunioes. Bad) are necessary dements of a comprehensive response strategy. 


Heavy Downpours ^^9 

More rain is already coming 
in very heavy events, and this || 
trend is projected to in< rease i" 
across the nation. Such events ‘ 
are harmful to transportation : 5 
infrastructure, apiculture, water 
quality, and human health. ' 


Coastal Communities 
Sea<ievet rise and stc^m surge 
will increase tlu^ts to homel 
Mid Infrastructure inctwfil^ ;:l 
water, sewer. transporukd^fS 
and communication systems. i 
Many barrier islands and coast 
marshes that protect dJev ^il; 
coastline and support 
ecosystems wHI ix’ lost. " j 


Agriculture 
Increasing heat, pests, 
floods, weeds, and water ^ - 
stress will present increadftg 
challenges for crop and ^ 
livestock production. 


Heat Waves 

Heat waves will become more 
frequent and intense, inaei4sln|; 
treats to human health andt{li| 
of life, especially in cities. 


Water and Energy 
Interactions 

As warming increases « 
fQ'' water, the ' 
energy sector will be stronglj 
^|Hp affected because power 

plants require large amounts: 
of water for cooling. 


Energy Supply 
Warming will decrease 
d^and for heating energy 
in winter and increase 
demand for cooling energy 
in summer. The latter will 
result in significant increases 
in electricity use and higher 
peak demand in most re^Wts 


Water Supply 

Water supplies in the rapidly powing 
Southwest will become increasingly 
scarce, calling for difficult trade-offs 
among competing uses. 
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As a result of human activities, the 


present carbon dioxide concentration of 



about 385 ppm is about 30 percent 
above its highest level over at least the 
last 800,000 years. In the absence of 
strong control nieasures, emissions 
projected for this century would result 
in the carbon dioxide concentration 
increasing to a level that is roughly 2 to 
3 times the highest level occurring over 
the last 800,000 or more years. 


Separating Human and 
Natural influences on Climate 


with human effects 


observed 


natural forces only 


Observations 


Models usirrg only natural forces 
Models using both natural and human forces 
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Climate changes are underway in the United States 
and are projected to grow 


Changes observed in die U.S. include: ; 
; • Temperature rise 
• • Sca-lcvci rise 
! * increase in heavy downpours 
. * Rapidly retreating glaciers 

* Thawing pemiafrost 

> Longer growing season 

* Longer ice-free season in the ocean 
and on lakes and rivers 

* Earlier snowmelt 

i: • Changes in river flows 


Heavy Downpours 

One of the most striking changes in climate 
observed over the United States has been 
an increase in the frequency and intensity 
of heavy downpours. This increase was 
responsible for most of the observed increase 
in overall precipitation during the last 50 
years. The amount of precipitation failing in 
the heaviest 1 percent of rain events increased 
nearly 20 percent. During the past 50 years, 
the largest increases in heavy precipitation 
occurred in the Northeast and the Midwest. 



O Q il Bi iil iK 

S-tin JS-iEPfe •NS-aSSfc »BI& 


Climate models project continued increases in the heaviest downpours during this century, while the 
lightest precipitation is projected to decrease. The chart below shows the projected changes in each 
category of precipitation, from lightest to heaviest, under increasing emissions of heat-trapping gases. 

Much larger increases in heavy downpours are projected under higher emissions scenarios than under lower 
emissions scenarios. 


A note on the emissions scenarios: 

None of the emissions scenarios used in 
this report assumes any policies specifically 
designed to address climate change. All, 
including the lower emissions scenario, 
assume increases in heat-trapping gas 
emissions for at least the next few decades, 
though at different rates. The “lower 
emissions scenario” used in this report is the 
Bi scenario from the Intergovernmental Panel 
on Climate Change (IPCC). The “higher 
emissions scenario” is A2. Elsewhere, a third 
“even higher emissions scenario” is used, 
IPCC’s AiFI. 


Projected Changes in Light, Moderate, and Heavy 
Precipitation by Late this Century 
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2 Climate changes are undervvay in the U.S. and are 
projected to grow 


Rising Temperature 

U.S. average temperature has increased by about 2^ over the past 50 years, which is more than the global 
average temperature increase. In the next couple of decades, another degree or so of temperature rise is 
projected. The maps below show projected temperature increases for the middle and the end of this century, 
under both higher and lower emissions scenarios. As die maps illustrate, the higher the emissions, the higher 
the temperature increases. If actual emissions are lower than those represented in the lower emissions 
scLtiiirio. temperature increases would he smaller than those shown on the bottom set of maps 



8 
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Changing Precipitation Patterns 

The maps below show projected future changes in precipitation relative to the recent past as simulated by 
15 climate models. The simulations are for late this century, under a higher emissions scenario, with blue 
indicating increasing precipitation, and brown indicating decreasing precipitation. For example, in the 
spring, climate models agree that northern areas are likely to get wetter, and southern areas drier. There is 
less confidence in exactly where the transition between wetter and drier areas will occur. Confidence in the 
projections is highest in the hatched areas. 



9 
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3 Widespreaci climate-related impacts are occurring 
now and are expected to increase 


Energy Supply and Use 

• Warming will be accompanied by decreases in demand for 
heating energy and increases in demand for cooling energy. The 
latter will result in significant increases in electricity use and 
higher peak demand in most regions. 

• Energy production is likely to be constrained by rising 
temperatures and limited water supplies in many regions. 

• Energy production and delivery systems are exposed to sea-level 
rise and extreme weather events in vulnerable regions. 

• Climate change is likely to affect some renewable energy sources 
across the nation, such as hydropower production in regions 
subject to changing patterns of precipitation or snowmelt. 




Society 

• Population shifts and development choices are 
making more Americans vulnerable to the 
expected impacts of climate change. 

• Vulnerability is greater for people who have few 
resources and few choices. 

• City residents and city infrastructure have unique 
vulnerabilities to climate change. 

• Climate change affects communities through 
changes in climate-sensitive resources that occur 
both locally and at great distances. 

• Insurance is one of the industries particularly 
vulnerable to increasing extreme weather events 
such as severe storms, but it can also help society 
manage the risks. 

• The United States is connected to a world that is 
unevenly vulnerable to climate change and thus 
will be affected by impacts in other parts of the 
globe. 



10 
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Ecosystems 

• Ecosystem processes, such as those that 
control growth and decomposition, have 
been affected by climate change. 

• Large-scale shifts have occurred in the 
ranges of species and the timing of the 
seasons and animal migration, and are very 
likely to continue. 

• Fires, insect pests, disease pathogens, and 
invasive weed species have increased, and 
these trends are likely to continue. 

• Deserts and drylands are likely to become 
hotter and drier, feeding a self-reinforcing 
cycle of invasive plants, fire, and erosion. 

• Coastal and near-shore ecosystems are already under multiple stresses. Climate change and ocean 
acidification wilt exacerbate these stresses. 

• Arctic sea ice ecosystems are already being adversely affected by the loss of summer sea ice and further 
changes are expected. 

• The habitats of some mountain species and coldwater fish, such as salmon and trout, are very likely to 
contract in response to warming. 

• Some of the benefits ecosystems provide to society will be threatened by climate change, while others 
will be enhanced. 



Transportation 

• Sea-level rise and storm surge will increase the risk of 
major coastal impacts, including both temporary and 
permanent flooding of airports, roads, rail lines, and 
tunnels. 

• Flooding from increasingly intense downpours will 
increase the risk of disruptions and delays in air, rail, and 
road transportation, and damage from mudslides in some 
areas. 

• The increase in extreme heat will limit some transportation 
operations and cause pavement and track damage. 
Decreased extreme cold will provide some benefits such as 
reduced snow and ice removal costs. 

• Increased intensity of strong hurricanes would lead to 
more evacuations, infrastructure damage and failure, and 
transportation interruptions. 

• Arctic warming will continue to reduce sea ice, lengthening 
the ocean transport season, but also resulting in greater 
coastal erosion due to waves. Permafrost thaw in Alaska 
will damage infrastructure. The ice road season will 
become shorter. 
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Climate change will stress water resources 



Water is an issue in every region, but the nature of the potential impacts varies. Drought - related to 
reduced precipitation, increased evaporation, and increased water loss from plants - is an important issue 
in many regions, especially in the West. Floods and water quality problems are likely to be amplified by 
climate change in most regions. Declines in 


mountain snowpack are important in the West 
and Alaska where snowpack provides vital 
natural water storage. 


Projected Changes in Annual Runoff 


Runoff is the amount of precipitation that is not evaporated, stored 
as snowpack or soil moisture, or filtered down to groundwater. 
Projected changes in median runoff for 2041-2060, relative to a 
1901-1970 baseline, are mapped by water resource region. Colors 
indicate percentage changes in runoff. Hatched areas indicate greater 
confidence due to strong agreement among model projections, White 
areas indicate divergence among model projections. 


Crop and livestock production will be 
increasingly challenged 


Many crops show positive responses to 
elevated carbon dioxide and low levels of 
warming, but higher levels of wanting often 
negatively affect growth and yields. 

Extreme events such as heavy downpours 
and droughts are likely to reduce crop yields 
because excesses or deficits of water have 
negative impacts on plant growth. 

Weeds, diseases, and insect pests benefit from 
warming, and weeds also benefit from a higher 
carbon dioxide concentration, increasing stress 
on crop plants and requiring more attention to 
pest and weed control. 

Forage quality in pastures and rangelands 
generally declines with increasing carbon 
dioxide concentration because of the effects on 
plant nitrogen and protein content, reducing the land’s ability to supply adequate livestock feed. 
Increased heat, disease, and weather extremes are likely to reduce livestock productivity. 


Weed Growth is Promoted and 



(380 ppm) (680 ppm) 
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Coastal areas are at increasing risk from sea-level rise, 
storm surge, and other climate-related stresses 


Coastal impacts include: 

• Sea-lcvcl rise leads to erosion and loss 
'V of land 

• Storm surge causes flooding 

• increased pollution due to more runoff 
from the land 

• Ocean acidification threatens coral 
reefs and shellfish 


Projected Sea-Level 
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Global sea level is rising due to the warming- 
induced expansion of ocean water, accelerated 
melting of most of the world’s glaciers, and 
loss of ice from the Greenland and Antarctic 
ice sheets. Additional warming will cause 
further sea-level rise over this century and 
beyond. 

Rising sea level is already eroding shorelines, 
drowning wetlands, and threatening homes, 
businesses, and infrastructure. The destructive 
potential of Atlantic hurricanes has increased 
in recent decades in association with 
increasing sea surface temperatures, and it is 
likely that hurricane rainfall and wind speeds 
will increase in response to global warming. 
Coastal water temperatures have risen and the 
geographic distributions of marine species 
have shifted. 

Precipitation increases on land have increased 
river runoff, polluting coastal waters with 
more nitrogen and phosphorous, sediments, 
and other contaminants. Ocean acidification 
resulting from the uptake of carbon dioxide by 
ocean wafers threatens corals, shellfish, and 
other living things that fomi their shells and 
skeletons from calcium carbonate. 

All of these forces converge and interact at 
the coasts, making these areas particularly 
sensitive to the impacts of climate change. 


Based on the state of the science at the time, in 2007 the Inter- 
governmental Pane! on Climate Change (iPCC) projected a rise 
of the world’s oceans from 8 inches to 2 feet by the end of this 
century (range shown as bars). However, they could not quantify the 
contributions to sea-level rise due to changes in ice sheet dynamics. 
More recent research has attempted to quantify this contribution 
by estimating future sea level based on its observed relationship to 
temperature, For example, the projections indicated by the light 
blue circles in the figure above estimate global average sea-level rise 
of almost 3.5 feet by the end of this century under a high emissions 
scenario. In areas where the land is sinking, such as the Atlantic and 
Gulf Coasts of the United States, sea-level rise will be higher than 
the global average. 
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Climate change poses unique challenges to human 
health including heat waves and severe storms, ail- 
ments caused or exacerbated by air pollution and air- 
borne allergens, and many climate-sensitive infectious 
diseases. Whether or not increased health risks due 
to climate change are realized will depend largely on 
societal responses and underlying vulnerability. The 
probability of exacerbated health risks due to climate 
change points to a need to maintain a strong public 
health infrastructure to help limit future impacts. 


Projected Increase in 
Heat-Related Deaths in Chicago 



Yew 


Increases in heat-related deaths are projected in cities 
around the nation, especially under higher emissions 
scenarios. This analysis included some adaptation 
measures. The graph shows the projected number of 
deaths per year, averaged over a three-decade period 
around 1975, 2055, and 2085 for the City of Chicago 
under lower and higher emissions. 
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Climate change will interact with many 
social and environmental stresses 


Social trends can increase our vulnerability to climate change. Recent trends include concentration 
of development along vulnerable coasts, aging of the U.S. population, increasing urbanization, and 
population growth in the South and West. Overlj^ing projections of future climate change and its impacts 
on expected changes in U.S. population and development patterns reveals a critical insight; More Americans 
will be living in the areas that are most vulnerable to the effects of climate change, from sea-level rise and 
hurricanes in the Southeast, to water scarcity in tfie Southwest. 

Pollution and the resulting poor air quality is one of mai^' human-caused stresses that interact with climate 
change to amplify impacts. The combination of air pollution with heat, drought, and stagnant air negatively 
affects human health and quality of life in cities. 


Geographic Vulnerability of U.S. Residents to 
Selected Climate-Related Health Impacts 


Location of Hurricane Landfalls, 
1995 to 2000 



Locations of Extreme Heat Evertts, 
1995 to 2000 



Percentage of Population 



West Nile Virus Cases, 
2004 



Maps indicating U.S. counties, or in some cases states, with existing vulnerability to climate-sensitive health 
outcomes. These examples demonstrate both the diversity of dimate-sensitive health outcomes and the 
geographic variability of where they occur. 
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9 Thresholds will be crossed, leading to large changes 
in climate and ecosystems 


There are a. variecy of threshoids in the climate system and ecosystems. These thresholds 
determine, for example, the presence of sea ice and permafrost, and the survival of species, from 
fish to insect pests, with implications for society. With further climate change, the crossing of 
additional thresholds is expected. 

Land subsidence (sinking) associated with the thawing of pertnafrost in Alaska, in addition to damag- 
ing forests and other natural systems, presents substantial challenges to engineers attempting to preserve 
infrastructure. 

Cod in the North Atlantic are adapted to annual average temperatures near the seafloor ranging from 36 
to 54°F. Large populations of cod are generally not found above the 54°F threshold. Temperature also 
influences the location and timing of spawning, which in turn affect the growth and survival of young cod. 
Increases in bottom temperatures above 47°F are projected to lead to a decline in growth and survival. 
Projections of warming indicate that both the 47®F and the 54°F thresholds will be met or exceeded in this 
century under a higher emissions scenario. 

Lobster catches in the southern part of the Northeast region have declined sharply in the past decade, 
associated with a temperature-sensitive bacterial shell disease. The southern extent of the commercial 
lobster harvest appears to be limited by this disease, the effects of which are expected to increase with 
rising near-shore water temperatures. 

Crossing key temperature thresholds has contributed to major insect outbreaks that have destroyed millions 
of acres of trees in the United States. First, warmer winters allow larger populations of insects to survive 
the cold season that normally limits their numbers. Second, the longer warm season allows them to develop 

faster, sometimes completing 
two life cycles instead of one in 
a single growing season. Third, 
warmer conditions allow insects' 
ranges to expand northward. 
Fourth, drought stress reduces 
trees’ ability to resist insect 
attack (for example, by pushing 
back against boring insects with 
the pressure of their sap). 

Spruce beetle, pine beetle, 
spruce budworm, and woolly 
adelgid (which attacks eastern 
hemlocks) are just some of the 
insects that are proliferating 
in the United States, causing 
devastation in many forests. 
These outbreaks are projected 
to increase with ongoing 
warming. Trees killed by insects 
also provide more dry fuel for 
wildfires. 
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"t Future climate change and its impacts depend on 
.X vf choices made today 


The amount and rate of future climate change depends primarily on current and future human- 
caused emissions of heat-trapping gases and airborne particles. Responses involve reducing 
emissions to limit future warming, and adapting to the changes that are unavoidable. 

Human-induced climate change is happening now, and Impacts are already apparent. Greater impacts 
are projected, particularly if heat-trapping gas emissions continue unabated. Previous assessments have 
established these facts, and this report confirms, solidifies, and extends these conclusions for the United 
States. It reports the latest understanding of how climate change is already affecting important sectors 
and regions. In particular, it reports that some climate change impacts appear to be increasing faster than 
previous assessments had suggested. 

Choices about emissions now and in the coming years 
will have far-reaching consequences for climate change 
impacts, A consistent finding of this assessment is that the 
rate and magnitude of future climate change and resulting 
impacts depend critically on the level of global atmospheric 
heat-trapping gas concentrations. Lower emissions of heat- 
trapping gases wilt delay the appearance of climate change 
impacts and lessen their magnitude. Unless the rate of 
emissions is substantially reduced, impacts are expected to 
become increasingly severe for more people and places. 

Similarly, there are choices to be made about adaptation 
strategies that can help to reduce or avoid some of the 
undesirable impacts of climate change. One such example 
is shown below and other examples appear in the full report. 

There is much to learn about the effectiveness of the various 
types of adaptation responses and how they will interact with 
each other and with mitigation actions. 

As our nation strives to develop effective strategies to 
respond to climate change, it is essential to have the latest and best scientific information about the impacts 
of climate change in the United States. The report highlighted in this booklet provides that information. 


Giobat A^/e*age Teniperaiure 
'/v ^ 1900-2100 



Observed change : In tl)a global 

av«ra|» temperature under three IPCC emissions 
scenarios chat assume no policies to address 
climate chanfa. The shaded areas show the bkely 
ranges vdttle the Imas dww the centra] projections 
from a set of dimase models. A wider range of 
model types shows ouKomes from 2 to 
Changes VO relative to the I9d0-i9n average. 
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FIGURE 1. Nationwide Projected Temperature Increases 

Mid-century (higher-emissions scenario) End-of-cer>tijry (higher-emissions scenario) 




T he United States is already 
experiencing the effects of 
climate change, and these 
effects will be much worse 
without action to sharply curtail our 
global warming emissions. Average U.S. 
temperatures have already risen by 2®F 
over the past 50 years, and are projected 
to rise another 7-1 UF by the end of this 
century under a high-emissions scenario, 
and 4— 6.5®F under a low-emissions 
scenario {see Figure I). 

Recognizing the urgency of global 
warming, policy maken are beginning 
to pursue solutions to help us avoid the 
worst effects of climate change, while 
transitioning the nation to a clean ener- 
gy economy. However, the debate over 
comprehensive climate and energy poli- 
cy often focuses on the costs of climate 
action, rather than on the serious eco- 
nomic and environmental consequences 
if we /aJl to act. One study shows that 
if global warming emissions continue 
to grow unabated — a high-emissions 
scenario — the annual economic impact 
of more severe hurricanes, residential 
real-estate losses to sea-level rise, and 
growing water and energy costs could 
reach 1.4 percent of GDP by 2025, and 
1.9 percent by 2100 (Ackerman and 
Stanton 2008). 

The U.S. Global Change Research 
Program, a consortium of 13 federal 
departments and agencies, recently re- 
leased a comprehensive report describing 
some of the major impacts of climate 
change in the United States (Karl, Meiillo, 
and Peterson 2009). That report bolstered 
a growing consensus that the nation can 
reap .significant economic, public health, 
and environmental benefits from mov- 
ing quickly to dramatically reduce our 
global warming emissions. 


Mid-century (lower-emissions scenario) 


This feet sheet provides specific 
examples from that and numerous other 
studies of the projected damages from 
climate change, and their costs. These 
studies show that climate change will 


End-of-century (lower-emissions scenario) 


have costly effects on our coasts, our 
health, our energy and water resources, 
our agriculture, our transportation infra- 
structure, and our recreational resources. 
There are other costs, not included here. 



fnm lb,!. Mdillaane l>Mnori Km. 


Temperatures have already risen an average 2°F over the past 50 years in the United 
States. By the end ofthe century, the average U.S. temperature is projected to increase 
approximately 7 to from the 1961-1979 baseline underahigh-emisslons scenario, 

and approximately 4 to 6.5°F under a low-emissions scenario. 
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Climate change and ensuing sea-level rise threaten to increase the severity of flooding 
and to damage the infrastructure of coastal communities. 


that are hard to quantify or project. The 
costs presented here also do not include 
the considerable effects on other coun- 
tries. Past emissions of heat-trapping gas- 
es have already committed us to many 
near-term costs. However, swift and 
deep emissions reductions can greatly 
curtail longer-term costs. 

Even a partial accounting of the costs 
sends a clear message: Climate inaction 
is simply too costly. The prudent response 
is to a^ressively reduce carbon emis- 
sions — at least 80 percent from 2005 
levels by 2050. 

Impacts on Coastal 
Communities 

Most of the U.S. coast has seen rising 
sea levels over the past 50 years, and that 
trend will likely continue under a warm- 
ing climate. A two-foot rise in global sea 
levels by the end of this century — within 
the range of recent estimates — would 
mean that the ocean would rise another 
2.3 feet at New York City, 2.9 feet at 
Hampton Roads, VA, 3.5 feet at Gal- 
veston, TX, and one foot at Neah Bay, 
WA (Karl, Melillo, and Peterson 2009). 
These changes would have serious 
economic consequences for coastal 
communities. 

Flood damage. One-sixth of the U.S. 
population — 53 million people — lives 
in the coastal counties of the Northeast. 
A sea-level rise of 13-20 inches by 2100 
would threaten insured property in these 
counties valued at $4.7 trillion — account- 
ing for half of the value of all insured 
coastal properry in the United States 
(FrumhofF et al. 2007). 

In Bo.ston alone, 16 inches of sea- 
level rise are projected to exact cumula- 
tive costs of $ 1 3 billion by 21 00 — on 
top of $7 billion in “normal” flooding 
costs. And if sea-Ievet rise reaches 33 
inches by 2100, today’s 100-year coastal 
flood will likely occur every one to two 
years in Boston and Adantic City, and 
every 1 1 to 22 years in New York Ciry 
(Frumhoff et al. 2007). 

In Florida, with 45 inches of sea- 
ieveis rise projected under a high-emis- 
sions scenario, losses of residential real 
estate are projected to reach $60 billion 


annually hy 2100 (Stanton and Ackerman 
2007). In North Carolina, 18 inches of 
sea-levd rise would cause $2 billion in 
cumulative property damage by that 
date (Karetnikov et al. 2008a). 

In Florida, under a high-emissions 
scenario, 9 percent of the state’s land 
area, 70 percent of Miami-Dade County, 
half of the state’s existing beaches, and 
99 percent of its mangroves would fall 
into the tone most vtiinerable to yeat- 
rouckd flooding in 2060 (Stanton and 
Ackerman 2007). With more coasdinc 
chan the ocher 49 states combined, Alaska 
also stands to experience steep costs 
from rising sea leveb. 


Even a partial accounting 
of the costs sends a clear 
message: Climate inaction 
Is simply too costly. 


Hurricane intensity. With all ocher 
factors being equal, experts expect high- 
er ocean temperatures to strengthen 


hurricanes, which can strike almost any- 
where in the Southeast and Gulf Coast 
region, taking lives and causing enor- 
mous damage. A major northeastern 
hurricane like the one that struck Long 
Island and New England in 1938 would 
cause $20 billion in damages were it to 
strike today (Frumhoff et al. 2007). 

In Florida, the annual costs ofmore 
extensive hurricane damage under a high- 
emissions scenario are projected to reach 
$111 billion by 2100. Climate change 
is also projected to cause an addidonal 
37 hurricane-related deaths per year in 
that state by 2100— on top of today's 
annual average of eight deaths (Stanton 
and Ackerman 2007). 

Adaptation costs. Protective measures 
to head off coastal flooding from rapidly 
rising sea levels will be costly. Most coas- 
tal communities will have to choose 
among several options: elevating existing 
structures, constructing seawalls or dykes, 
and relocating the most vulnerable fami- 
lies and businesses to higher ground (Titus 
et al. 1991). In California alone, protect- 
ing low-lying coastal property from sea- 
level rise and the resulting storm surges, 
particularly around San Francisco Bay, 
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couid cost $6 billion— $30 billion annu- 
ally by 2100 under a high-emissions 
scenario (Kahrl and Roland-Holst 2008). 

Elevating a single-family home by 
24 inches could cost $22-$62 per square 
foot, while raising larger structures would 
be far more costly. Estimates of the cost 
ofproiecting vulnerable coastal areas 
with seawalls vary considerably. By one 
estimate, seawalls could cost $5 million 
per linear mile, totaling $1.2 billion for 
urban areas in the Northeast, $3.4 bil- 
lion for all urban waterfront in the United 
States, and $60 billion to protect the 
entire vulnerable U.S. coastline (USGS 
2000; Burby and Nelson 1991). Another 
study estimates that building seawalls 
to protect the nation from coastal flood- 
ing would cost $46 billion— $146 bil- 
lion (Stanton and Ackerman 2007). 
However, seawalls would be ineffective 
againsr permanent flooding caused by 
sea-level rise without constant pump- 
ing of rain and groundwater within the 
walled areas (Burby and Nelson 1991; 
Titus et al. 1991). 

In many coastal communities, the 
only viable option in the face of several 
feet of sea-level rise will be to gradually 
abandon properties and relocate further 


inland. The Army Corps of Engineers 
recently estinmed that reloc^ng just 
three Alaskan towns threatened by 
rising sea levels — ShismareF, Kivaltna, 
and the village of Newtek — ^wouid cost 
$405 million (Ruth, Coelho, and 
Karetnikov 2007). 

Impacts on Public Health 

If emissions continue to grow unabated, 
extreme heat waves that now occur once 
every 20 years are projected m occur about 
every other year in much of the country by 
the end of diis century. And these very hot 
days will likely be about lO^F hotter than 
they are today (Gutowski ct al. 2008). 

In July 1993, a two-week-long heat 
wave in Philadelphia with high tempera- 
tures between 93“? and I01“F killed more 
chan 100 people (Frumhoff ct al. 2007). 
Such impacts will increase dtamadcally 
with climate change, especially affecting 
vulnerable populations such as children, 
the elderly, the sick, and the poor. Al- 
though deaths horn extreme cold are 
expected to drop, this decline will be 
substantially smaller than the increase in 
deaths from heat waves (Medina-Ramon 
and Schwartz 2007). And higher temper- 
atures will create the conditions for rising 



Children and the elderiy are particularly vulnerable to illness during heat waves. 
Urban areas across the country will experience the worst effects of heat waves, 
stressing hospital capacity. 


levels of lung-damaging iow-altitude 
ozone and respiratory allergies in urban 
areas CTwilley et al. 200i). 

Heat waves. Northeast cities have his- 
torically had fewer than two days each 
year with temperatures above lOO^F, and 
5 to 20 days with temperatures above 
90°F, depending on the city. Under a 
high-emissions scenario, many cities in 
this region can expect 60 or more days 
above 90"F by 2100, and 14—28 days 
above 1 00“ F, with some of the hottest tem- 
peratures expected in large cities such as 
Philadelphia and New York (Frumhoff 
ecal. 2007). 


If emissions continue to 
grow unabated, extreme 
heat waves that now occur 
once every 20 years are 
projected to occur about 
every other year in much 
of the country by the end 
of this century. 


The Midwest is also vulnerable to 
much hotter summers under both high- 
emissions and low-emissions scenarios, 
with some of the highest temperatures 
occurring in urban areas such as Cleve- 
land and St. Louis (see Figure 2, p. 4). 
During the peak of the Chicago heat 
wave of 1995, admissions to Cook 
County hospitals rose 1 1 percent, to 
1 .072 patients (Semenaa et al, 1 999). 

A heat wave of chat magnitude 1 0 years 
later would cost $18 million, given the 
average cost per hospitalized patient 
in 2005 (HCUP n.d.). Accounting for 
lost work days and productivity among 
patients and their caregivers, as well 
as follow-up medical appointments, 
would bring this cost even higher 
(Srinivasan 2008). 

Heat waves will also become more 
severe and common in the Southeast 
and Gulf states. Miami will become 
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El Lower emissions B Higher emissions 

Under a high*emissions scenario. Midwest cities will spend most of the summer 
sweltering in heat over 90°^ including dramatic increases in the number of days 
over 1 00°F. Making the choice to pursue a lower-emissions pathway can sigriificantly 
lessen these effects. 


several degrees hotter than Bangkok 
today — now the world’s hottest, most 
humid major city — and daily highs in 
many Florida cities could exceed 90°F 
nearly two-thirds of the year (Stanton 
and Ackerman 2007). In Baton Rouge. 
Birmingham, Dallas, Houston, and 
Tampa, deaths from extreme heat now 
average 28 per year. Even moderate 
temperature increases would raise this 
figure to 60 to 75 deaths every year in 
each of those cities {Twilley et al. 2001). 

Higher ozone levels. Given the same 
level of air pollution as today, analysts 
project a 68 percent increase in the num- 
ber of Red Ozone Alert Days — ^when 
the air is unhealthy for everyone — in the 
50 largest eastern U.S. cities by the mid- 
dle ofthis century (Bell et al. 2007). 

In New Mexico, annual health costs 
from low-altitude ozone and heat waves 
combined are expected to jump by 
$1.6 billion by 2080 (Niemi 2009a). 

In California, heat-related health costs 
could total $14 billion by 2100 under 
a high-emissions scenario, while rising 
ozone levels could increase medical costs 
by another $10 billion (Kahrl and 
Roland-Holsf 2008). 

Impacts on Water Resources 

Climate change will make storms, floods, 
and droughts more likely and more in- 
tense, and the timing of precipiradon 
could be seriously altered around the 
country. For example, precipicadon 
and runoff are likely to increase in the 
Northeast and Midwest in winter and 
spring, and decrease in the West, espe- 
cially the Southwest, in spring and sum- 
mer (Karl, Melillo, and Peterson 2009). 

Flooding. With its major river systems 
and relatively high precipitation, the 
Midwest is prone to flooding, with 
heavy rainstorms and rapid snowmelt, in 
particular, causing widespread damage. 
For example, in May and June 2008, 
thunderstorms, tornadoes, and flooding 
caused more than $18 billion in damage 
and 55 deaths nationwide, primarily in 
the Midwest {Lott et al. 2009). And in 
1996, a 17-inch rainstorm caused flash 
flooding over more than 1 2,000 square 
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miies of illinois, Wisconsin, and Indiana 
in a matter of hours (Changnon 2005). 

The record-breaking 1 993 midwest- 
ern flood caused $30 billion of damages 
(Lott et al. 2009), with Iowa, Illinois 
and Missouri the most heavily hit states 
(Changnon 2005). The flood inundated 
20 million acres in nine states, causing 
crop losses of 12 percent in Missouri, 1 1 
percent in Minnesota, and 7 percent in 
Iowa (Matroon 2008). That flood also 
caused an estimated 52 deaths, damaged 

70.000 homes and buildings, and left 

74.000 people homeless. Damages to 
infrastructure included 1,000 miles 
of roads closed, 500 miles of railroad 
crack underwater, and nine non-railroad 
bridges damaged and closed. The flood 
also idled more than 2,000 barges on the 
Mississippi for two months (Mattoon 
2008; Daniels and Trebilcock 2006). 

A senior official at the U.S. Depart- 
ment of Agriculture's Risk Management 
Agency estimated that payments from 
the Federal Crop Insurance Program 
(FCIP) for crops damaged by a similar 
flood today would be five times the 
$2 billion paid in 1993 — and not all 
farmers were insured through FCIP 
for that flood (USGAO 2007). 

Water scarcity. Water shortages, already 
a critical issue in the Southwest, are likely 
to become far worse with climate change. 
Such shortages will make agricultural 
production more expensive, force cut* 
backs in the amount of land under cul- 
civacion, and increase the cost of living 
in the urban Southwest (see Figure 3). 
Rivers such as the Colorado — primarily 
supplied by snowmelt and already over- 
allocated — are especially vulnerable. In 
New Mexico alone, reduced scream flows 
could cost farmers $21 million per year 
by 2080, according to one analysis 
(Niemi 2009a). 

In the Southeast, annual rainfall 
will likely become more variable and 
could drop, vdth longer dry spells wors- 
ening today’s drought conditions (Stan- 
ton and Ackerman 2007). Yet hotter 
and drier conditions will mean chat agri- 
cultural and domestic users need more 
water. That means climate change will 
CONTINUED ON PAGE 8 



Flooding in Fort Wayne, iN> Higher rainfall in the Midwest and the Northeast owing 
to climate change v«i!{ lead to more flash flooding that can damage property and 
infrastructure. 


FIGURE 3. 

Projected Drop in Spring Precipitation in the Southwest 


Lower-Emissions Scenario Higher-Emissions Scenario 



■40 -30 -20 -10 0 10 20 30 40 


Percentage change in end-of-century spring precipitation, compared with the 
1961-1979 baseline, lower water levels in the Southwest will create water shortages, 
impair hydropower generation, lower tourism revenues, and cause water to be more 
expensive for businesses, farmers, and households alike. 
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The Impacts of Climate Change 
across the United States 


Flooding: Under climate 
change, areas around rivers, 
lakes, and coastlines are more 
vulnerable to flooding, which can dam- 
age real estate, infrastructure, and crops. 

Hurricane intensity: These 
- areas are subject to more 

, ' intense hurricanes, causing 
property damage and loss of life. 

Beach tourism: Changing 
water levels and eroding 
A beaches threaten jobs and 
require costly adaptive measures 
such as sand replenishment. 

Public health; Hotter days 
and rising ozone levels threaten 
. ; public health, particularly 
among at-risk populations such as 
children and the elderly. 

Si Water scarcity: Changing 
x ; weather patterns reduce water 
supplies, increasing the cost for 
farmers, businesses, and households. 
Wafer scarcity also limits the effectiveness 
of hydropower and the cooling systems 
needed for nuclear, coal-, and natural- 
gas-fired power plants. 

Shipping: Lower water levels 
r make shipping routes on rivers 
and the Great lakes less viable. 
Both farmers and industries depend on 
those routes to transport goods relatively 
cheaply. 

winter tourism: Rising ternper- 
atures and declining snowpack 
shorten the skiing and snow- 
mob.illng season and require ski opera- 
tors to make more snow. 

Agrlcutture;Changingweather 
i patterns, lower water levels 

'T along shipping routes, and 
flooding ail threaten to make farming 
more costly and risky. 

% Energy and infrastructure 
stress: Changing climate pat- 
•ipSljJ terns threaten ouftransporta- 
tion and energy infrastructure. 

weather 

' A patterns will bring more fre- 
quent wildfifes. 
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if global warming emissions continue to rise unabateci, we wHt 
see growing costs related to climate change. This map shows some 
of the projected damages — to our coasts, our health, our energy and 
water resources, our agriculture, our transportation infrastructure, 
and Qur recreational resources — that will occur in states and regions 
throughout the United States. Making the choice to dramatically 
lower our emissions at least 80 percent from 2005 levels by 2050 
will help avoid some of the worst consequences of climate change. 
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Water scarcity, already a problem in many parts 
of the Southwest, wilt worsen under climate 
change, and irrigation costs will skyrocket. 


Projected increases in rainfall and runoff in the spring, followed by a drier 
growing season and more rain during harvest times, will be especially challeng- 
ing for mkKvestern farmers. 


threaten the survival of irrigated winter 
agriculture in the region. 

Higher temperatures, changes in 
water leveb, and changes in precipita- 
tion will also undermine water quality in 
streams, lakes, and reservoirs, with rising 
numbers ofwaterways considered by the 
U.S. Environmental Protection Agency 
to be “impaired” by pollution. Sustain- 
ing drinking water supplies, wastewater 
treatment, and storm-water management 
will require higher expenditures on in- 
frastructure (USEPA 2008). 

Impacts on Agriculture 

The impact of climate change on 
^riculcure is both complex and uncer- 
tain. Higher levels of carbon dioxide 
will benefit some crops. However, other 
crops — such as corn, sorghum, and 
sugar cane — already use carbon dioxide 
so efheientiy that higher levels are un- 
likely to help. 

Higher temperatures will mean higher 
crop yields in some northern areas. For 
example, die fruit-growing season around 
the Great Lakes may be longer (Field et 
al. 2007). However, in other parts of the 
country, the effects of climate change on 
agriculture will be predominantly nega- 
tive, especially if farmers rry to grow the 
same crops in the same manner as be- 
fore. While formers can try to adapt by 


changing crop types, planting dates, and 
irrigation and fertilizer practices, such 
chan^ will likely come at a cost. 

In the Midwest, climate change is 
already contributing to wetter springs, 
which can delay the planting of crops. 
Hot, dry summers will stress crops and 
reduce 3rieids, while warmer winters mean 
that crop pests and pathogens normally 
kept in check by cold temperatures ^ 
projected to expand their ranges nocdi- 
ward, causing crop damages beyond the 
S78.5 billion already lost to such pests 
each year. One study projected a 7 per- 
cent increase in precipicadon in Illinois, 
which was expeaed to increase soil ero- 
sion by 19-38 percent, making agricul- 
tural production more expensive. When 
combined with a 4.5“F increase in an- 
nual temperatures, the yearly costs of 
climate change for the states agricultural 
sector could reach $9-3 billion (Karet- 
nikov et al. 2008b). 

In California, annual losses to agri- 
culture. forestiy, and fisheries could reach 
S4.3 billion under a high-emissions 
scenario. Hotter conditions will slow 
production and reduce the quality of 
many of the state’s agricultural products. 
For example, milk production is expeaed 
to foil 22 percent by 2100 under a high- 
emissions scenario (Kahrl and Roland- 
Holst 2008). Cooling systems will be 


oepensive but cssenrial to enable livestock 
formers to compensate for higher sum- 
mer temperatures. 

Lower rainfall during the growing 
season threatens the vital agricultural 
sector in Great Plains states such as the 
Dakotas. The 2006 drought cost North 
Dakota’s livestock industry $32 mil- 
lion, primarily because of higher feed 
prices, while crop damage cost formers 
$425 million (Karetnikov etal, 2008d). 

The lack of a long winter chill in 
Massachusetts and New Jersey — which 
now supply nearly half the nadon's cran- 
berry crop — will likely mean that those 
states can no longer produce cranberries 
by the middle of the century under a 
high-emissions scenario (Frumhofr* et al. 
2007; Wolfe « al. 2007). 

One study found that the average 
value of farmland in the rain-fed, non- 
irrigated areas of the eastern and central 
United States would fall 25 percent by 
mid-century, and 69 percent by the end 
of the century, under a high-emissions 
scenario. Almost all of that loss would 
stem from the rising number ofdays 
above 93®F, when most crops start to 
suffer (Schlenker et al. 2006). 

impacts on Transportation 

Because they will inundate roads, tail- 
roads, airports, seaports, and pipelines, 
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rising sea levels and more severe storm 
surges could cost commercial transporta- 
tion hundreds of billions of dollars annu- 
ally (Karl, Melillo, and Peterson 2009). 

Roads and rail. Some 60,000 miles 
of coastal highway already experience 
periodic flooding from coastal storms, 
including high waves (NRC 2008). Global 
warming will likely worsen such flood- 
ing. More incense rainstorms also mean 
that flooding rivers could wash out or 
degrade railroad beds and roads. 

Longer periods of extreme heat could 
also damage roads in several ways, such 
as by sofrening asphalt, which occurs 
with sustained temperatures above 90°F. 
Extreme heat can also cause deformities 
in railroad tracks, requiring trains to run 
at siower speeds and even causing derail- 
ments, and temperatures above I00®F 
can lead to equipment failure. 

Extreme heat also causes bridge joints 
to expand, stressing the structures and . 
increasing maintenance costs, as well as 
adversely afFeaing bridge operations 
during such maintenance. 

Air travel. Flooding at airports in coast- 
al areas will affect air travel, and aircraft 
will need higher takeoff speeds and longer 
runways to obtain the extra lift required 
at higher temperatures. Recent hot sum- 
mers have forced companies to cancel 


flights, espedally at high-altitude loca- 
tions. One anal}Q» projects a 17 percent 
reduction in the ftdght-carrjnng capaaxy 
of a Boeing 747 at the Denver airport by 
2030, and a 9 percent reduction for such 
an aircraft at the Phoenix airport, because 
of higher ttmperatures and more water 
vapor (NRC 2008). 

Water. Some 200 million tons of bulk 
commodities, induding iron ore and 
coal, move thtou^ Great Lakes ports such 
as Duluth-Superior each year (Lindeberg 
and Albercook 2004). This activity sup- 
ports more than 30,000 U.S. and Cana- 
dian jobs, and provides income* totaling 
more than $3 billion per year. For exam- 
ple, Ohio’s ports on Lake Erie handle 55 
million tons of cargo annually, including 
iron ore ftom Minnesota and Michigan, 
coal ftom Ohio and nearby states, and 
numerous other goods (LCA n.d.). The 
ships are derigned and loaded to just 
barely dear the shallowest points along 
thdr routes. Every lost iikdi of water 
depth can mean that freighters must 
reduce their cargo by 50 to 270 tons 
(Lydersen 2008). 

The Midwest also relics heavily on 
shipping on the Mississippi River and its 
tributaries, which transport almost 500 
million tons of cargo— including coaL 
petroleum products, farm products, and 
other bulk materials — every year (USACE 


2006). Without access to barge trans- 
portation on the upper Mississippi 
(above St. Louis) and the Illinois River, 
producers of corn, soybean, and wheat 
would see their revenues drop by 
$350 million per year, with Iowa 
($152 million), Minnesota ($78 miUinn), 
and Illinois ($50 million) seeing the 
heaviest losses (FAPRI 2004). 

Both too much and too little water 
can make river navigation more difficult. 
Low water conditions mean that barges 
must carry smaller, less profitable loads, 
or cannot operate at all. Given those 
conditions, dredging costing $85 mil- 
[ion-$l42 million annually may be the 
only way to keep these routes viable 
(Ruth, Cochlo, and Karetnikov 2007). 

Alaska has warmed more than twice 
as fast as the rest of the nation over the 
last 50 years, and the thawing permafrost 
has damaged roads, runways, water and 
sewer .systems, and other infrastructure. 
Continued thawing will add $3.6 bil- 
lion— $6.1 billion to the cost of publicly 
owned infrastructure by 2030, and 
$5.6 billion— $7.6 billion by 2080 
(Larsen et al. 2008). 

Impacts on Energy 
Infrastructure 

Oil and gas infrastructure. Sea-level 
rise and more severe hurricanes stem- 
ming from global warming could cause 



Changing water levels in the Great Lakes will lead to economic 
losses for farmers and industrialists who reiy on shipping as an 
inexpensive way to move crops and other cargo. 



Thunder Horse, an offshore oil platform, damaged in 2005 as a 
result of Hurricane Dennis. Hurricanes often damage oil and gas 
infrastructure in the Gulf Coast region, creating gasoline shortages 
and higher gas prices, particularly in the South. 
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huge disruptions along the Gulf Coast, 
home to 30 percent of the nations crude 
oil production and 20 percent of its nat- 
ural gas production. Such disruptions 
could also occur in the nearby coastal 
plains (home to one-third of the nations 
refining and processing fecilicics) and the 
Gulf of Mexico, which hosts offshore 
drilling platforms, refineries, and pipe- 
lines. Aon Corp., the worlds second larg- 
est insurance broker, and Willis Group 
Holdings, the third largest, separately 
estimated damage to oil and gas pro- 
ducers, drillers, pipeline operators, and 


More frequent wildfires 
could represent one of 
the most costly impacts 
of climate change in the 
Rocky Mountain and 
West Coast regions. 


refiners from two recent hurricanes — 
Katrina and Rira — at $15 billion 
(Kennett 2006). 

Oil and gas operatiotts in Alaska are 
also vulnerable to the effects of global 
warming. Much of the Trans-Alaska 
Pipeline is built on permafrost, and thaw- 
ing of the ground beneath the pipeline 
creates structural instability that could 
lead to spills and expensive repairs 
(Ruth, Coeiho, and Karetnikov 2007). 
The number of days in which the cundra 
is firm enough to allow the transport 
and operation of drilling and exploracion 
equipment has already dropped from 
200 to 100 during the last 30 years 
(Hinaman et al. 2005; ACIA 2004). 

Electricity supply. Wuer shortages are 
projected to constrain elecrricicy produc- 
tion in Arisona, Utah, Texas, Louisiana, 
Georgia, Alabama, Florida, California, 
Oregon, and Washington state by 2025 
(Bull et ai. 2007). Wadiington and 
Oregon will together lose $1.7 billion 
in annual revenues from hydropower by 
2080 because of declining snowpack and 


water shortages. Even if the most severe 
climate change does not occur, analysts 
project that California could lose 10-20 
percent of its hydropower « a om* of 
$440 mi)lioii-$880 miUion annually 
(Franco and Sanscad 2006). 

Rising energy demand. Air condition- 
ing is critical to preventing heat-related 
illness, yet heat waves can stress and dis- 
rupt the electricity supply, as consumers 
require more power just when demand 
is highest. For example, during Chicago’s 
1995 heat wave, a surge in elecmicicy 
demand led to power outages, depriving 
even those who had air conditioners of 
relief. Government, urilides, and power 
producers can invest in energy efficiency, 
better ene^ planning, and new power 
plants. However, any generating capacity 
built to avoid power outages on the hot- 
test d^ ^ically rits idle for the rest of 
the year, making it an expensive addition 
to the electricity system. 

In California, analysts expect en^gy 
demand to rise 3-20 percent by the end 
of the century, primarily because of 
greater use of air conditioning. The add- 
ed cost in energy bills could total $1 bii- 
lion~$8 billion each year in today’s dollars 
(Franco and Sanstad 2006). 


Rising temperatures also make power 
generation and transmission systems func- 
tion less efficiently. One analysis projects 
that inefficient energy transmission during 
heatwaves will cost New Mexico consumers 
$1 billion per year by 2080, and that the 
added cost of air conditioning will cost 
them $1.6 billion (Niemi 2009a). 

In Florida, the annual cost to gener- 
ate power for extra air conditioning un- 
der a high-emissions scenario is projected 
to be $19 billion in 2100. Temperature 
increases will also make power genera- 
tion and transmission systems function 
less efficiently; partly as a result, every 
additional degree Fahrenheit of warming 
could cost Florida consumers $3 billion 
in electricity costs per year by 2100 
(Stanton and Ackerman 2007). 

Impacts on Recreational 
Resources 

Rising temperatures and precipitation 
changes threaten the skiing and snow- 
mobiling industries. Ski areas will require 
far more snowmaking to remain viable, 
and in many cases — especially in the 
highest-emissions scenarios — the ski sea- 
son may become too short for snowmak- 
ing to be profitable, and resorts will close. 
Snowmobiling, the nations largest 



A warming climate threatens recreational activities such as skiing, snowmobiling, and 
ice angling, which represent billions of dollars in tourism revenues and thousands of 
jobs across the country. 


10 1 Union of Concerned Scientists 


772 



Wildfire in the Bitterroot National Forest, MT. Wildfires are expected to become more 
frequent in the Rocky Mountain and West Coast regions, adding to firefighting costs, 
property damage, and lost timber. 


winter recreation industry, will see its 
season shrink 80 percent by 2100 under 
chose scenarios (Frurahoff et al. 2007). 

Sea-levei rise and other climate 
changes threaten beach-related tourism. 
For example, rising ocean temperatures 
and acidity levels cause coral bleaching 
and disease, harming the many marine 
species that depend on coral ecosystems, 
and thus tourism. 

West. Climate change under a high- 
emissions scenario could spur an 80 per- 
cent loss of Sierra snowpack by the end 
of the century. California’s ski season 
would disappear, and with it 1 5.000 
jobs and $500 million in annual indus- 
try revenues. California’s tourism assets 
at risk total $98 billion, while annual 
losses to tourism revenues could reach 
$7.5 billion. Reduced snowftill will also 
harm the ski industry in Washington and 
Oregon, at an annual cost of $525 mil- 
lion by 2080. Those states could further 
see a $ 1 . 1 billion-pcr-year decline in 
their cold-water angling industries by 
2080 (Niemi 2009b; Nicmi 2009c). 

Northeast. Tourism revenues through- 
out the Northeast are closely tied to maple 
sugaring, fall foliage, winter sports, hunt- 
ing, beaches, and many other activities 
that rely on today’s climate. Under high- 
emissions scenarios, the Northeast stands 
to lose $5.3 miIlion-$12.l million per 
year from maple sugar losses alone. Ver- 
mont’s sugar maples and other important 
Fall foliage trees will rapidly lose their 
U.S. habitat under high-emissions, high- 
temperature scenarios. The region also 
stands to lose $405 million-$810 mil- 
lion in annual skiing revenues (Ruth, 
Coelho, and Kafetnlkov2007). 

Midwest The Midwest tourism indus- 
try stands to lose tevenue as water levels 
in the Great Lakes fall by several feet, 
curbing water and wetland-based recre- 
ational activities such as pleasure boat- 
ing, fishing, and bird-watching. Rising 
temperatures in rivers and streams in 
Michigan and other states will likely 
reduce sportfishing for trout and other 
cold-water species (Karetnikov et al. 
2008c; Easterling and Karl 2001). 


Southwest. Revenue from activities in 
the Southwest such as boating, kayaking, 
and skiing will likely drop because of 
Failing water levels and rising tempera- 
tures. For example, the 5.4 percent drop 
in water level at Lake Powell firom 1999 


If we act quickly and 
decisively, we can avoid 
the worst of the costs 
associated with global 
warming. 


to 2003 cut the number of visitors to the 
Glen Canyon National Recreation Area 
by half a million in 2003- The result was 
a loss of $32.1 million in visitor spend- 
ing, 758 jobs, and $13.4 million in per- 
sonal income (Ponnaluni 2005). 

Southeast and Hawaii. With severe 
beach ertKion, flooding of the Ever- 
glades, and coral bleaching under a high- 
emissions scenario, Florida’s tourism in- 
dustry will lose $ 178 billion annually by 


2100. In North Carolina, a. sea-level rise 
of 18 inches by 2080 is expected to cost 
the beach recreation industry $1 1 billion 
in cumulative damages (Karetnikov et al. 
2008a). And in Georgia, a sea-level rise 
of 20 inches could require $1.3 billion 
in sand replenishment costs by 2100, 
and lead to a loss of 5,000 jobs in the 
tourism industry (Horin et al. 2008), 
Meanwhile, in Hawaii, coral bleaching 
and sea-level rise threaten that state’s 
$800 million-per-year marine tourism 
industry (Cesar et al. 2002). 

Wildfires 

More frequent wildfires could represent 
one of the most costly impacts of climate 
change in the Rocky Mountain and West 
Coast regions. For example, under a 
high-emluions scenario, Washington 
will face added annual costs of $380 mil- 
lion by 2080 for property damage from 
wildfires, and Oregon $497 million 
(Niemi 2009b). New Mexico stands to 
lose $2.2 billion annually in lost timber 
value and additional fire control expen- 
ditures by 2080 (Niemi 2009a). 

Fire suppression costs on federal lands 
alone totaled $1.9 billion in 2006 and 
$1.8 billion in 2007 (Blazer et al. 2008). 
And the federal government spent almost 


CiimateChangein the United States: The ProhibitiveCostsoflnaction j 11 


773 



$200 million just in California in 2008, Conclusion costs stemming from changes to ecosys- 

including three fires that cost $50 mil- If global warming emissions continue terns and the need to relocate coastal 

Hon each {USDA 2009). California is unabated, every region in the country communities. 

likely to see a 12—53 percent increase in will confront large costs from climate Fortunately, if we act quickly and de- 

the annual number of large wildfires by chanp in the form of damages to infra- cisively, we can avoid the worst of these 

2100 {Kahrl and Roland-Holst 2008), structure, diminished public heath, and costs. A recent UCS analysis, Climate 

while annual wildfires in Alaska arc ex- threats to viul industries employing 2030: A National Blueprint fir a Clean 

peered to triple under a moderate-emis- millions of Americans. No region can Energy Economy, shows that immediate 

sions scenario and quadruple under a expe« a cosdess adaptation to a rapidly implementation of a comprehensive 

high-emissions scenario {Balshi et ai. 2008). changing climate. Indeed, climate change suite of climate, energy, and transpor- 

Estimaces show chat states pay another threatens our very way of life and our ration policies can dramatically lower 

25 percent on top of federal firefighting le^cy to future generations. U.S. global warming emissions while 

expenditures, and that damages to real The minimum costs presented here saving consumers and businesses money, 

estate and infrastructure impose further will likely outweigh the costs ofdramati- Congress needs to enact strong climate 

costs on governments, insurers, and cally reducing carbott emissions starting legislation that includes such policies 

homeowners {Rasker 2008). to<ky. And these projected costs of cli- to safeguard our economy, our envi- 

mate change do not include those that ronment, and our future, 
are critical but hard to quantify, such as 
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Union of Concerned Scientists State Impact Analyses 

Union of Concerned Scientists has in-depth analysis on 1 8 states, including the Midwest, 
Northeast, and California. The impact report for Illinois can be found in the following 
pages. 

Northeast Region 

httD://www.climatechoices.or£/ne/resources ne/nereport.html 
Pennsylvania 
New Jersey 
Rhode Island 
Connecticut 
Maine 

New Hampshire 
New York 
Vermont 
Massachusetts 

Midwest Region 

http://www.ucsusa.ora/global warming/science and impacts/impacts/climate-change- 
midwest.html 
Indiana 
Illinois 
Iowa 

Minnesota 

Michigan 

Missouri 

Ohio 

Wisconsin 


West 

htt p://www.ucsusa.org/global warmina/science and iinpacts/impacts/our-changing- 
climate.html 


California 






fronting Climate Cha 
in the U.S. Midwest 


ihe deartng of for«rs. Carbon dioxide 
acts like a blanket that traps heat in our 
atmosphere and warms our climate: oceans, 
Ibrests, and land can absorb some of this 
carbon, but not as fast as we are creating 
it. As a result, heat-trapping emissions are 
building up in our atmosphere to levels 
that could produce scs-cre effeccs including 
extreme heat, prolongctl droughts, intense 
storms, corrosive ocean acidification, and 
dangerous sea-level rise. 

’ITte climate of the Midwest ha.s already 
changed measurably over the last half 
century (De Gaetano 2002; Kunkei et ai. 
1999). Average annual temperatures have 
risen, accompanied by a number of major 
heat waves in the last few years. There have 
been fewer cold snaps, and ice and snow are 
melting sooner in the spring and arriving 
later in the fall. Heavy rains are occurring 
about twice as fretjueiuly as they did a cen- 
tury ago. increasing the risk of flooding. 


F rom its fertile fermlands and many 
riverside communities to its econo- 
my, infrastructure, and lifestyle, Illinois 
has been strongly shaped by its climate. 
However, that climate is changing due 
to global wwming, and unles.s we make 
deep and swift cuts in our heat-trapping 
emissions, the changes ahead could be 
dramatic. This report presents new prtijec- 
tions showing some of the potential impacts 
of global warming on Illinois, including 
severe summer heat, more dangerous 
storms and floods, and new threats to 
agricultural production. 


GLOBAL WARMING AND 
THE MIDWEST 


Global warming is caused by ah increase of 
pollutants in the atmosphere, including 
Girbon dioxide prtxluced by human activi- 
ties such as the burning of fossil fuels and 
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Effective and Affordable Sotutions 

The most dangerous c/Tects of cli- 
mate change are likely to occur if the 
global average temperature rises more 
than two tierces Celsius abo\'e where 
it stood in 1850. Science show-s we 
.still have a chance of keeping lem- 
peraiiire.s below this level if we cut 
heat-trapping emissions deeply and 


quickly — and limit atmospheric Ics'els 
of carhon dioxide to 450 parts per 
million (see tint'mucsusa.or^ 
muvlimate for more details). 

Illinois can do its part by imple- 
menting its own carbon-reducing 
state policies and investing in clean 
energy technologies that can both 
reduce consumer energy costs and 



Biri- b-bv'&BrtfeM : 


build new growth industries in the 
state. Illinois can also play a lead role 
in calling for strong fc-dcrai legislation 
that would provide climate-friendly 
choices for Illinois consumers and 
businesses and help for resource 
managers and local governments that 
must prepare for the e/Fcccs of climate 
change chat cannot be avoided. 

A recent analysis by the Union 
of Concerned Scientists (UCS), 
Climate 2030: A National Blueprint 
for a Clean Ener^ Economy (Cleeius. 
Clemmer. and Friedman 2009), dem- 
onstrates that the United States can 
cut heat-trapping emissions deeply 
and .swiftly enough to avoid the most 
dangerous consequences of climate 
change. A comprehensive climate 
and energy approach — combining 
a cap on eini.s.sion.s with policies 
chat encourage renewable electricity, 
energy efBciency, and cleaner trans- 
portation choices — can reduce emis- 
sions 26 percent below 2005 levels 
by 2020 and 56 percent below 2005 
levels by 20.30 while .saving consum- 
ers and bu.sinesses money. 

Our Analysis 

Our analysis considers two diflerent 
possible futures: one with a lower 
level of global warming pollution and 
one with a higher level (see www. 
ucsusa-OTg/mwclimate). These futures 
represent the be.se and worst cases 
of the emissions scenarios described 
by the international scientific com- 
munity in 2000 and which have been 
used for .scientific analysis ever sina:. 
Howes'er, they by no mcaivs encom- 
pas,s the full range of futures chat 
could plausibly unfold. 

Climate protection policies, if 
implemented quickly, could reduce 
emissions significantly below the 
lower-emissions scenario considered 
here. On the other hand, up until 
2008, global emissions have been 
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higher than the higher-emissions 
scenario being considered. 

HOW WILL EMISSIONS 
CHOICES AFFECT 
ILLINOIS' FUTURE? 

Dangerously Hot Summers 

Our new analysis projects dramati- 
cally hotter summers for Illinois. This 
i.s true under both the lower- and 
higher-emissions scenarios, but the 
prevalence of extreme heat is much 
greater under the higher-emissions 
scenario. The conditions that consti- 
tute “extreme” heat were measured 
in three ways; comparing future 
summers with the hottest summer 
during the historical baseline, count- 
ing the e.xpected number of days 
above 90“F and 100®F per summer, 
and projecting the likelihood of 
extreme heat waves similar to those 
that hit Chicago in 1995 and much 
of Europe in 2003. By all three 
mcivsures, summers in Illinois will 
become dangerously hot. 

Comparisons with the 
historical baseline 
A.S soon as the next few decades, 
almost three-quarters of Illinois' sum- 
mers could be hotter chan the hottest 
.summer the state experienced during 
the historical ba.seline (1983, closely 
followed by 1988). Under the higher- 
emissions .scenario every Illinois sum- 
mer at mid-century i.s projected to 
be hotter than 1983. Even under the 
lower-emissions scenario 90 percent 
of summers at mid-century w'ould be 
hotter than 1983. and all .summers 
would be hotter toward the end of 
the century (though not as hot as 
under the higher-emissions scenario). 

Th&se findings arc particularly 
i roubling because the .scorching sum- 
mens n( 1983 and 1988 brought 


record-breaking heat to Illinois and 
much of the nation. The average 
temperature in Illinois in both sum- 
mers was 3“F higher than normal. 
The unusual heat of 1988 combined 
wirh widespread drought to cause 
an astonishing S40 billion in losses 
to agriculture and related industries 
nationwide — the United States’ sec- 
ond cosdiest weather-related disaster 
in modern times {after Hurricane 
Katrina) (Lore et al. 2009). By mid- 
century, summers like 1983 and 
1988 will likely be considered cooler 
than average. 

Motv days over 90°F and 100°F 
Because heat wtves are especially 
lethal in dries, where urban landscapes 


absorb more heat during the day and 
are less elective at releasing it at night 
(the “heat island” effect), our analysis 
focused on the extreme heat projected 
for the state’s largest city, Chicago, 
and the number of days each year 
likely CO exceed 90°F and 100°F. 
During the historical baseline Chicago 
averaged only 1 5 days per summer 
with higlts over 5)0°F. That number 
rfses substantially in the next few 
decades to more than 25 days, and 
toward the end of the century under 
the higher-emissions scenario, the cit)' 
is projected to experience more than 
70 days above 90°? — more chan two 
months of the summer. Under the 
lower-emissions scenario that number 
would be cut by about half. 



^ lower emissions | Higher emissions 
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As for the more dangerous days 
over lOO^F, Chicago averaged only 
about fvvo such days each summer 
during the historical baseline. But 
toward the end of the century under 
the higher-emis,sion.s scenario, the city 
is projected to face 30 such days — an 
entire month. That number would 
be reduced to eight under the lower- 
emissions scenario. Compounding 
matters is the likelihood that 
Illinois’ summerewili continue to be 
humid — probably even more humid. 
Other Illinois cities such as Peoria, 
Rockford, and Springfield w'ill (ace 
conditions similar to Chicago. 

More deadly heat waves 
The severe heat projected for Illinois 
po.ses serious health risks for residents. 
Heat waves already kill more people 


in the Unitetl Stares each year ihaJt 
hurricanes, tornadoes, floods, and 
lightning combined (CDC 2006). and 
the average annual death toll of nearly 
700 may well be an undcrc-stimaic, 
since there ate no uniform report- 
ing requirements and many deaths 
are probably misciassified (Luberand 
Mcticchin 2008). Studies show iliat 
deaths from many causes, including 
cardiovascular and respiratory disease, 
increase during heat waves. 

The health costs associated with 
heat waves are not limited to deaths: 
many other people become sick 
enough to be hospitalized. In 2003, 
medical costs related to extreme heat 
and cold totaled $1.3 billion nation- 
wide, or more than $16,000 per 
patient. The Chic^o heat wave of 
1 995 increased admissions to Cook 


County hospitals 1 1 percent (more 
than i ,000 patient.s) during the peak 
week (.Semenza et al. 1999). Many 
heat-related deaths and illnesses can 
be prevented by improving warning 
systems, access to air conditioning, 
and year-round medical staffing. 

Our research projects how likely 
Chicago would be to experience heat 
waves as severe as those chat affected 
the city in 1995 or Europe in 2003 
(see the text box above), Our findings 
are disturbing; under the higher- 
emissions scenario, for example: 

• By mid-century Chicago would 
experience a heat wave as hot as 
the 1995 Chicago heat wave every 
summer and a heat wave like the 
2003 European heat wave at least 
every fifth summer 
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• Toward the end of rhc ccnmr>- 
Chicago would experience at least 
two heat waves as hot as the 1 95)5 
Chicago hear wave every summer 
and a heat wave like the 2003 
European heat wave every other 
summer 

A heat wave similar to the 2003 
European heat wave would cause 
more than 1,070 deaths in Chicago 
{37 per every 100,000 residents), 
compared with 94 heat-related deaths 
per summer during the baseline peri- 
od. 7'his assumes the demographics, 
vulnerability, and infrastructure of 
Chicago do not change from today. 
Increased use of air conditioning 
in the city would likely reduce the 
death toll, but the general aging of 
the population would likely increase 
the death toll since the elderly .ire 
most vulnerable to heat. The number 
of Illinois residents older than 65 is 
projected to be more than 1 .6 times 
higher in 2030 than 2000, rising to 
1 8 percent of the state’s population 
(U.S. Censas Bureau 2004). 

Changes in air quality could also 
play a role: for example, if air qustlity 
deteriorates because warmer tem- 
peratures exacerbate .smog and .soot 
pollution, and we continue to bum 
more fossil fuei.s in our power plants 
and vehicles, heat-related mortality 
would likely rise. Conversely, cleaner 
air created by a shift away from fossil 
fuels would likely reduce heat-related 
mortality. 

More dangerous air pollution 
In areas where there arc local sources 
of fossil fuel emissions, ground-level 
ozone — a dangerous air pollutant 
and the main component of smog — 
increases at temperatures over 90“F 
{Luber and McGechin 2008). Since 
our projections show that, under the 
higher-emissions scenario, Illinois will 


experience such temperatures virtu- 
ally the entire summer toward the 
end of the century, the state can also 
expect fii more days of unhealthy 
ozone levels than would occur with- 
out global wanning. This is par- 
ticularly bad news for the 12 Ulinois 
counties (including those around 
Chicago and St. Lou«, MO) that 
already experience ozone levels higher 
than the Environmental Protection 
Agency’s (EPA’s) health-based ozone 
.standard (EPA 2008b). 

Hi^ concentrations of ground- 
level ozone (not to be confused with 
ozone in th^ strai<»phere, which 
provides an importaiit natural shield 
against solar radiation) diminish lung 
funaion, cause a burnit^ sensation in 
the lungs, and aggravate asthma and 
other respiratory conditions. Ozone 
may also contribute to premature 
death, especially in people with heart 
and lung disease (EPA 2008). Studies 
show that when ozone levels go up, 
so do hospitalizations for asthma and 
other lung conditions, and it appears 
that heat and ozone together increase 
monality (Luber and McGechin 
2008). Ozone also damages plant life; 
the EPA warns that a climate change- 
induced incieasc in ozone could damage 


ecosystems and agriculture as well as 
human health (EPA 2008). 

Another air contaminant of par- 
ticular concern in Illinois is small 
particulate pollution (or soot): the 
12 counties mentioned above have 
already been identified as failing to 
meet federal air quality standards 
for this pollutant (EPA 2004), and 
Chicago ranks among the nation’s 
1 0 most soot-polluccd cities (ALA 
2009). Small particulates incre;ise the 
.severity of asthma attacks in children, 
increase the number of heart attacks 
and hospitalizations related to car- 
diovascular disease and asthma, and 
cause early deaths from heart and 
lung disease (ALA 2009). 

'I'hc leading source of small 
particulate air pollution is coal-fired 
power plants, and as demand for elec- 
tricity increases in response to rising 
temperatures, power plants generate 
more emissions. Therefore, climate 
change threatens to exacerbate 
Illinois' particulate air pollution. 

In Illinois today, more than 
8 percent of the population (more 
than 244,000 children and more chan 
650,000 adults) suffers from asthma 
(ALA 2009). Heart c]i.sease caused 
548 of every 100,000 deaths among 
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residents older than 35 between 1 996 
and 2000 (CDC 2009). The combi- 
nation of increasing heat, ozone, and 
small particulate pollution can be c-spe- 
cially dangeroas for these populations. 

Changes in Storm, Flood, and 
Drought Panerns 

In 2008 Illinois experienced a year 
of devastating storms and flooding, 
which affected virtually every part 
of the state between January and 
.September. In June alone, floods 
caused hundreds of evacuations; 
breached levee.s along the Mississippi, 
Hmbarra.s, and Wabash Rivers; and 
threatened thousands of acres of the 
state’s agricultural land. Twenty-nine 
counties were declared federal disaster 
areas and the state received more chan 


$90 million in federal disaster assis- 
tance (HtMA 2008). 

As hcav)’ r.ainialis become more 
common, the threat of flooding will 
rise, as will the value of the propert)’ 
ai risk and the costs of emergency 
respon.se system.s and flood control 
measures such as levees and dams. 

More Jn^uent downpours 
and flooding 

Hcav}’ downpours are already twice as 
frequent in the Midwest as they were 
a century ago (Kunkel et al. 1999). 
While .scientists cannot attribute any 
single storm to climate change, more 
heawy precipitation can be attributed 
to climate change that has already 
occurred over the pa.st 50 years 
(Trenbei th et d. 2007). 


Our analysis indicate,s that the 
warming ahead will make Illinois 
substantially more vulnerable to the 
kind of natural disasters it suffered in 
2008. Two findings stand out from 
the re.search: 

• Precipitation is more likely to 
arrive in the form of heavy rains. 
Under the higher-emissions sce- 
nario Chicago is projected to 
experience a more than 20 percent 
increa.se in heavy rainfalls {defined 
a.s more than two inches of rain in 
one day) over the next few decades. 
Ibward the end of the century, 
heav)' rainfalls are projected to be 
50 percent more frequent under 
the higher-emissions scenario and 
35 percent more frequent under 
the lower-emissions scenario. 

• Winters, springs, and falls will be 
wetter but summers will be drier. 
Winters and springs arc projected 
to see aJmo.st one-third more pre- 
cipitation toward the end of the 
century under the higher-emis- 
-sions scenario, and autumns are 
projected to see more precipita- 
tion a.s well. Meanwhile, summers 
will sec almost 1 5 percent less 
rain. As described above, more of 
the rain that doe,s fall will be in 
the form of downpours. 

These projections show a sub- 
stantially increased risk of flooding 
in Illinois as the century progresses, 
especially if emissions are high. While 
there is likely to he some increase 
in local summertime flooding due 
to more frequent downpours, the 
grcate.si flooding risk will occur in 
the winter and spring, when seasonal 
precipitation is expected to increase 
the most. In fact, analyses of various 
rivers in the Midwest (which used a 
level ofcmission.s somewhat lower 
than our higher-emissions scenario) 
projected more than triple the num- 
ber of high-flow days toward the end 
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of ihe ceniury (Cherkauor and .Sinha 
2009: Wucbbles et al. 2008). 

More fivtjuent short-term droughts 
Paradoxically, Illinois could face 
not only the risk of greater flooding 
but also the risk of greater drought, 
although climate projections arc less 
consistent in this regard. The more 
temperatures rise, the more water 
evaporates from the soil and plants, 
requiring more rainfall just to main- 
tain the same .soil moisture levels. 
However, the Midwest i.s projected 
to receive less rain in the summer 
(when lemperatures are hotte-sc), not 
more. As a result, the likelihood of 
drought in the region will increa,se. as 
overall water levels in rivers, streams, 
and wetlands are likely to decline. 

In Illinoi.s, short-term droughc-s are 
projected to increase, hut long-dura- 
tion droughts {lasting more than two 
years) are likely to decline. 

Lower water levels in the Great Lakes 
Water levels in the Great Lakes are 
projected to decline both in sum- 
mer (due to increased evaporation 
caused hy higher temperatures) and 
winter (due to a decrea.se in lake ice) 
(Angel and Kunkel 2009; Hayhoe 
et al. 2009). The greace.st declines are 
expected for Lake Huron and I..akc 
Michigan. Under the iowcr-eniis.sions 
scenario, water levels are projected 
to fall less than one foot coward the 
end of the century; under the higher- 
emissions scenario, levels are project- 
ed to fail between one and two feet. 

A decline olThis magnitude can have 
significant economic, aesthetic, recre- 
ational. and environmental impacts, 
such as significantly lengthening 
the distance to the lake.shorc, affect- 
ing beach and coastal ecosystems, 
exposing toxic contaminants, and 
impairing recreaiionai btiating and 
commercial shipping. 


More threats to water quality 
Heavy rains increase runoff that 
not only washes pollutants into 
waterways but — in cities such as 
Chicago — also causes raw sewa^ 
to spill firom sewcis into rivers and 
lakes. In the Chic^O region, a mix 
of storm water and untreated sewage 
flows into Lake Michigan when more 
than about two inches of rain falls 
in one day (Lanyon 2007). Heavier 
downpours ahead mean the typical 
overflows of years past are likely to 
he exceeded. 

To deal with this excess runoff, 
the ciry of Chicago is currently add- 
ing reservoirs to the existing network 
of sewage tunnels 200 feet below 
the Chicago River system. These 
reservoirs, which will he completed 
in phases over the next 10 years, will 
hold excess storm water and should 
reduce the occurrence of overflows 
(DWM 2009). Other cities may also 
need adaptation plans and new infra- 


structure to cope with the projected 
changes in rainfall. 

New Threats to Illinois' Agriculture 

Illinois is an important part of the 
nations agricultural heartland. Nearly 
67 percent of the state’s acreage is 
devoted to cropland (USDA 2009a); 
it ranks second nationally in total 
crop value, second in acres devoted to 
corn and soybeans, and first in grain, 
oilseed, dry bean, and dry pea sales. 
Illinois also boasts one of the nation’s 
most productive livestock industries, 
ranking fourth in hog and pig sales 
(USDA 2009b). In 2002, nearly 1,3 
percent of Illinois’ jobs were farm- 
related (USDA 2005) and, in 2007, 
agricultural commodities brought 
more chan $1 1 billion to the state 
(USDA 2009a). 

The heat and precipitation 
changes projected for Illinois h.ive 
potentially profound implications for 
agricultural production. Toward the 
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end of ihe century, growing seasons 
are likely co lengthen by three weeks 
under the lowcr-entissions scenario 
and by six to seven weeks under the 
higher-emissions scenario. Also, rising 
CO.^ levels have a fertilizing effect on 
crops. These changes by themselves 
would increase crop production, but 
they wilt be accompanied by many 
other changes that threaten produc- 
tion, such as heat stre.ss, increased 
drought and flood risks, and an 
expansion of crop pests’ range. 

More heat stress Jvr crops 
The extreme summer heat proiccted 
for Illinois, particularly under the 
higher-emissions scenario, puts the 
region’s crop.s at significant ri.sk. Corn 
crops, for example, can fail at 95°^ 
with the risk increasing the longer 
ihc heat htsts. When such hot spells 



coincide with droughts, ;is they often 
do. crop losses can he severe. 

'I'he United States lost $40 bil- 
lion from a 1988 heat wave — mostly 
due to crop losses. Crop yields in 
Illinois dropped precipitously that 
year, with corn and .soybeans falling 
well below three-quarters of their 
average annual yields for the period 
1978-1997 (U.SDA 2009c). Over the 
next few decades (under both emis- 
.slons .scenarios) most Illinois sum- 
mers arc projected to be hotter than 
1988, and by mid-century under the 
higher-emis.sions scenario, all Illinois 
summers arc projected to be hotter 
than 1988. 

Our analysis projects the fre- 
quency with which Illinois and the 
Midwest would face three- and seven- 
day periods of crop-damaging tem- 
peratures of 95‘’F or higher. During 


the historical baseline such periods 
of intense heat were extremely rare in 
the Midwest, with three-day periods 
occurring about once every 10 years 
and seven-day periods occurring on 
average only once every 30 years in 
the more southern states. 

Under the higher-emissions sce- 
nario, however, a three-day period 
with temperatures reaching 95"h or 
higher is projected co occur at lea.si 
every other summer in Illinois within 
the next few decades, and every sum- 
mer toward the end of the century. 

A more destructive seven-day period 
would occur every other summer by 
mid-century and in at least three of 
every four summers toward the end 
of the century. Under the lower-emis- 
sions scenario, the frequency of such 
periods would be significantly less 
toward the end of the century, with 
a week-long period of extreme heat 
occurring in les.s than half of Illinois’ 
summers. 

The po.ssibility of crop-damag- 
ing heat waves becoming common- 
place in Illinois within a few decades 
represents a significant threat to the 
.state’s economy, which took in nearly 
$5.7 billion from corn alone in 2007 
(USDA 2009a). Crops such as wheat 
that fail at lower temperatures than 
corn are even more vulnerable. 

A detailed study of the expected 
effects of climate change on crop 
yields in five Midwest states shows 
that corn yields in Illinois may 
decline as much as 50 percent by 
the middle of this centuiy under a. 
variety of scenarios and assumptions 
(Southworth et aJ. 2000). For soy- 
beans. a crop that benefits more chan 
corn from CO, fertilization, results 
were mixed, with some scenarios 
showing small yield gains and others 
showing dec^e.^ses. In neighboring 
Indiana, the study's two locations had 
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differing results for wheat, with yields 
declining as much as 15 percent in 
southwestern Indiana but increas- 
ing by small amounts in east-central 
Indiana. 

Hotter projected temperatures 
led CO lower yields in ail ca.scs; corn 
yields, for example, begin to decline 
at 92“F and foil sharply at 100°K 
Witieiy varying climate conditions 
during the growing .season also 
decreased average yields in all of the 
study’s models, so a.s temperatures 
continue to rise and weather became.s 
more extreme and variable, yields of 
all major crops will likely decline. 

More beat stress for livestock 
Extreme heat is also projected to 
caus'e heat stress for much of Illinois' 
livestock. Dairy cattle are particidarly 
vulnerable to high temperatures, and 
milk production can decline when 
temperatures exceed 75°^ to SO'E 
depending on humidity. Hogs, whose 
.sale brought more than S800 million 
to Illinois in 2007 (USDA 2009a}, 
begin to feel heat stress when the 
heat index {a combined measure 
of temperature and humidity) .sur- 
pajsscs 72°F, Illinois already loses 
S20.,5 million each year due to heat 
stress in swine {St.-Pierre, Cobanov, 
and Schnitkey 2003), and under the 
higher-emis.sions scenario, near-per- 
manent heat stress will aflfoct dairy 
cattle, hogs, pigs, and other livestock 
during the average Illinois summer 
toward the end of the century'- — unless 
tiiey are kept cool using costly mea- 
.sures such as air-conditioned barns. 

Wider spread of pests 
The warmer winters ahead mean that 
crop pests and pathogens normally 
kept in check by cold tcmperature.s 
arc projected to e.xpand their ranges 
northward. A recent study warned 


that the ocpanding ranges of corn 
pests could have a substantial eco- 
nomic impact in the fonn of higher 
.seed and insecticide costs and lower 
yields (Diffenbaugh et al. 2008). 
Already, corn pests cost U.S. corn 
producers more than Si billion 
annually; the corn earworm alone 
is responsible for destroying about 
2 percent of the nation’s corn crop 
every year, and it has shown resis- 
tance to a wide range of insecticides 
(Diffenbaugh ct al. 2008). 

Illinois’ valuable corn crop would 
be at risk if the corn earworm does 
indeed move north. During the his- 
torical baseline, conditions conducive 
to the com earwoim occurred about 
once every 1 5 years in central Illinois 
and once every three years in parts of 
southern Illinois. Under the higher- 
emis-sions scenario, however, condi- 
tions conducive to the corn earworm 
would occur in about half of all years 


toward the end of the century in cen- 
tral Illinois, and almost every year in 
.southern Illinois. 

Potentially damaging changes 
in precipitation 

Crops under stress from extreme heat 
need more rain, but Illinois is project- 
ed to receive less rain in the summer 
growing season as the climate warms. 
Dry conditions will be a particular 
problem for Illinois’ crops because 
only about 2 percent have access to 
irrigation (USDA 2009a). In addi- 
tion. the projected increase in spring 
rains could interfere with planting 
and pose a greater risk of floods like 
those of June 2008, which affected 
thou.sands of acres of Illinois farmi.and 
(MRCC 2009). Changes in precipita- 
tion are therefore likely to limit farm- 
ers’ ability to take advantage of the 
longer growing sea,sons expected to 
acwmpany future climate change. 
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CLIMATE SOLUTIONS 
FOR ILLINOIS 

Illinois is the sixth largest producer 
ol global warming emissions among 
all the states (ElA 2008a). Energy 
use, lajgeiy in the Form of electric- 
ity generation and transportation, 
accounts lor 85 percent of the 
state's emissions. 

These emissions would be signifi- 
cantly lower if electricity generation 
in Illinois had not increased hy 50 
percent — almost double the national 
growth rate — since 1990, primarily 
as a rc.suit of deregulation. Illinois 
now generates about 30 percent more 
electricity than it uses, exporting the 
excess to other states {ICCAG 2009). 
Less than 1 percent o( this electric- 
ity comes from clean, renewable 


resources such as hydro, solar, and 
wind powCT; 48 percent comes from 
rLsky nuclear power and the rest from 
dirty fossil fiieb: 47 percent coal and 
3 percent natural ^s {ElA 2009b). 

IF Illinois and the world are to 
avoid the worst consequences of cli- 
mate change, the state must aggres- 
sively reduce its emissions by: 

• increasing energy efficiency 
and conserv-ation in industries 
and homes; 

• boosting the use of renewable 
energy resources such as wind 
power, advanced biofuels, and 
geothermal energy; 

• improving vehicle (tie! efficiency 
and reducing the number of miles 
driven; and 

• improving agricultural practices to 
reduce the release of heat-trapping 


emissions from soil tilling and 
fertilizer application. 

These actions will also provide 
benefits such as lower energy costs 
(after just a few years), new local 
jobs, and cleaner air and water. A 
recent analysis by the Union of 
Concerned Scientists shows that bu-si- 
ncsse.s and industries in the Midsvest 
could collectively save S3.8 billion 
on their electricity bills in 2020 and 
SI 1.9 billion in 2030 by institut- 
ing these kinds of changes (Cleetus, 
Clcmmer, and Friedman 2009). 

Illinois has made strides toward 
implementing a number of the strate- 
gies listed above and deserves credit 
for its progress on the following 
initiative.s: 

• One of the strongest renewable 
energy standard.s in the nation, 
requiring utilities to supply cus- 
tomers with 25 percent renewable 
electricity by 2025. 

• A requirement that electric 
.and natural gas utilities reduce 
energy demand througli energy 
efficiency programs. Illinois is 
one of only four Midwest states 
with such a policy, which can 
save consumers mone)’. reduce 
global warming emissions, and 
create local jobs for people who 
perform energy audits, weatherize 
homes, and manufacture efficient 
windows. 

• Building codes that will require 
new construction statewide to 
meet the regularly updated sran- 
dards of the Internationa! Energy 
Conservation Code (lECC), 
Homes huik to the 2009 lECC 
standards could save Illinois 
homeowners' between $300 and 
S650 in annual enei^y costs 
(MEEA 2009). 
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Pathways to Real Progress 

Illinois can do much more ro cake 
advantage of clean energj' opportuni- 
ties and reduce globid warming emis- 
sions, by pursuing the cosc-eft’cccive 
strategies summarized below. 

Stop investing in polluting coal plants 
Illinois should adopt a moratorium 
on both the construction of new coal- 
fired power plants and the import of 
power from new coal piant-s outside 
the state — unless and until such 
plants adopt carbon capture and stor- 
age (CCS) technology (provided this 
proves commercially feasible). New 
financial commitments to coal plants 
without CCS will lock the state into 
high emissions for decades, while 
inhibiting needed investments in 
clean energy technologies. 

Promote combined beat and pou>er 
‘Fhe Illinois Climate Change 
Advisory Group recommended 
greater use of combined heat and 
power (CHI’), which uses waste heat 
from industrial p.aicessc.s to generate 
electricity. Illinois should enauirage 
the technology’s expansion through 
tax incentives, attractive financing 
arningcmcnr.s, and fevorabic utility 
rate structures. 

Stabilize and expand public transit 
and high-speed rail 
Only California and New York boast 
more public-tran-sit ridership than 
Illinois (BTS 2001). and the num- 
bere can be expected to grow due to 
rising gasoline prices, clogged high- 
ways, and the economic recession. 
Unfortunately, because the Chicago 
'Ifansit Authority (C’lA) is chroni- 
cally under-funded, its trains are in 
poor condition, routes are being cut, 
and feres increased — all of which can 
pur people back on the ioad.s and add 
to Illinois’ global warming emissions. 


7'he state needs ro correct these prob- 
lems and make a new investment in 
clean. cfTicient transit. 

In addition, a high-speed rail 
network throughout the region 
would offer a iow-carbon alternative 
to driving and flying, but after years 
of discu.ssion. little progress has been 
made. Illinois and other midwestern 
states .should aj^ressively pursue fed- 
eral .siimu!u.s dollars and other fund- 
ing for this project. 

Building More Resilient Communities 
Because climate change is already 
upon us and some amount of addi- 
tional warming is inevitable, Illinok 
must adapt to higher temperatures 
and mure heavy rains while work- 
ing to reduce its emissions. Any 
delay in emissions reductions will 
make it more difficult and costly to 
adapt; conversely, a^ressive steps to 
reduce emission.s now will provide 
the lime ecosystems and societies 
need to become mote resilient. For 
each adaptation measure considered, 
lllinoi.s’ decision makers must carehilly 


as.scss the potential barriers, costs, 
and unintended social and environ- 
mental consequences. 

A StBte-Federal Partnership 

Although Illinois can achieve much 
with its own policie.s and resources, 
the scale of emissions reduccion.s 
required suggests that individual 
states will need strong .support 
from the federal government. The 
United States should therefore enact 
a comprehensive set of climate and 
energy policies including standards 
for renewable electricity, energy effi- 
ciency, and transportation that set a 
light limit on heat-trapping emissions 
nationwide. The goal should be to 
reduce emissions at least 35 percent 
below current levels by 2020 and at 
lea.st 80 percent by 2050. 

A national rentnvable electricity 
standard and .strong fuel economy 
standards for cars and trucks can 
boost local economies while .siib.stan- 
tially reducing emissions nationwide. 
For example, a renewable electric- 
it)’ standard of 25 percent by 2025 
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would lower electricity and natural 
gas bills a total of $3.28 billion by 
2030 (UCS 2009). A separate UCS 
analysis showed chat if every car and 
light truck on U.S. roads averaged 
35 miles per gallon (mpg) by 2018 
(compared with the fleetwide average 
of 26 mpg today), drivers would save 
enough in fuel costs to create 10,300 
new jobs in Illinois by 2020 (UCS 
2007b), The Obama administration 
is currently pursuing new standards 
that would achieve an average of 35.5 
mpg by 2016. 

Another complementary federal 
strategy known as a “cap-and-trade” 
program would set a price on emis- 
sions and require polluters to obtain 
government-issued permits in order 
to continue emitting. By auctioning 
these permits the government could 
generate revenue for investment in: 

• Energy efficiency and renewable 
energy solutions 

• Assistance for consumers, work- 
ers, and communities facing the 
most difficult transition to a clean 
energy economy (coal miners and 
mining towns, for example) 

• Conservation of precious natural 
resources 

• Assistance for communities that 
must adapt to unavoidable conse- 
quences of climate change 

Setting a price on heat-iiapping 
emissions will also stimulate investment 


prepare for the climate change that 
will occur in the interim. 


in cleaner and more efficient energy 
technologies such as CCS by making 
them more cost-competitive. 

Finally, federal resources devoted 
CO climate monitoring and asse!>.s- 
meats can provide essential informa- 
tion for states and communities that 
need to devise and implement adap- 
tation plans. Illinois’ U.S. senators 
and representatives must therefore 
support strong federal climate and 
clean energy policies that will help 
the state reduce emissions, transition 
to a clean ener^ economy, and 


Globa! warming represents an enor- 
mous challenge to Illinois' way of 
life and its residents' livelihoods, but 
we can meet this challenge if we act 
swifdy. The emissions choices we 
make today — in Illinois and through- 
out the nation — will shape the cli- 
mate our children and grandchildren 
Inherit. The time to act is now. 
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Peter Frumhoff (UCS) Responses 
Senator Bernard Sanders 

I. We know in Vermont that energy efficiency has tremendous value, and even though 
Vermont is a leading state. Efficiency Vermont projects even greater efficiency 
savings in future years. Energy efficiency is a proven way to create Jobs and save 
consumers money, while reducing emissions. Would you agree that this Committee 
should set flexible, cost-effective energy efficiency investment criteria for a portion of 
the allocation that is provided for free to electric LDC's under this legislation, just as 
this legislation does for the natural gas allocation? 

Yes, we do agree that this committee should set flexible energy efficiency investment 
criteria for the LDC allocation. Energy efficiency is the “low-hanging fruit” when it 
comes to reducing carbon emissions and our energy bills, and investing in energy 
efficiency should be a top priority. Therefore, we request that the bill includes a 
provision that requires an investment in energy efficiency equivalent to at least 1/3 of the 
value of the total allowance allocation given to electrical utilities, similar to the 1/3 
efficiency investment in natural gas already present within the bill. This would generate 
$100 billion in electric efficiency investments, create more than 900,000 new 
construction and energy services jobs by 2020, and many more additional jobs at plants 
that supply this sector, and reduce consumers’ energy bills by $300 billion. 
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Senator James M. Inhofe 

1. / am concerned, as you are, about water in the US. In the report you submitted for 
your testimony you mentioned the problems with water consumption and conventional 
electricity production. Water is also heavily used for renewable energy production, 
especially in solar fields in the southwest where water is already scarce. This bill 
establishes a new federal obligation to use "all practical means" to protect fish and 
wildlife from climate change impacts. How do we balance the adaptation needs of fish 
and wildlife with other needs for water such as alternative energy, and for human 
consumption and agriculture? 

The most practical means of protecting fish and wildlife from climate change impacts is 
aggressive, near-term mitigation to stem the impacts and ensure future habitat is available 
to support these populations. This is the sensible first line of defense. Certain changes in 
climate, as discussed, are now unavoidable and should be planned for with careful 
decision-making across sectors — including energy, water and wildlife. Thermoelectric 
power plants ~ conventional or renewable -- employ various technical options that 
determine the amount of water they withdraw and consume. Balancing the various 
demands on our water resources will require understanding those technical options, 
considering the various demands relative to others, and putting in place the incentives 
that allow plant developers to make the best choices with regard to energy production and 
water management. Energy choices that are low-water and low-carbon can help ease the 
growing pressure on water and wildlife. 

We also support the notion that all renewable energy projects must be sited correctly and 
water impacts are an important siting consideration. Even so, the water use of renewable 
electricity is much lower in comparison to conventional electricity production like 
nuclear, coal and petroleum. The UCS Climate 2030 Blueprint (see below) notes that if 
we embark on a serious carbon-reduction path (cap and trade, a renewable electricity 
standard, and energy efficiency standards), then there will be 1.2 trillion net gallons of 
water savings in electricity sector by 2030, which is 3 times the volume of Lake Erie, and 
the annual water use by 32 million people. 

Climate 2030: A National Blueprint for a Clean Energy Economy (UCS): 

http://www.ucsusa.org/assels/documents/6lobal_wanning/climate-2030-report.pdf 

2. In the booklet you included with your testimony it says that "there is generally 
insufficient information at present to evaluation the effectiveness, costs, and benefts 
of potential climate adaptation actions. " Given that we don't know how climate 
change will affect certain areas, how do you propose funding adaptation programs if 
we don't know their costs and benefits? 

Actually, we have a pretty good idea of how climate change will affect different regions 
in the United States. The Union of Concerned Scientists has published various regional 
and state-by-state analyses of the impact of global climate change and adaptation 
suggestions, such as our Confronting Climate Change in the Midwest report (see below). 
The National Oceanic and Atmosphere Administration also published a comprehensive 
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report earlier this year detailing the impacts of climate change in the US by region. 
NOAA’s Global Climate Change in the US report concludes that climate changes in the 
US are already happening and projected to grow, that crops and livestock will be 
increasingly challenged, and that threats to human health will increase. The interactive 
feature (link below) illustrates the regional impacts expected from climate change, 
including the specific issues Oklahoma is expected to face in the short and long term. 

So, although we may not have every detail currently worked out for adaptation strategies, 
it is clear that the magnitude of the risk from climate change is high and the need for 
adaptation funding is great. As adherents to the scientific precautionary principle, we 
feel it is essential to act now and develop adaptation programs rather than wait and deal 
with the expensive consequences of our inaction (please see UCS report Climate Change 
in the United States: The Prohibitive Costs of Inaction). Many states, such as California, 
Maryland, Colorado, and others have already begun developing and implementing 
adaptation programs, and it’s time that the Federal government follows suit. 

-^Confronting Climate Change in the Midwest report (UCS): 
www.ucsusa.org/mwclimate 

-^Global Climate Chtinge in the US report (NOAA): 

http://downloads.globalchange.gov/usimpacts/pdfs/cl)male-iinpacls-report.pdf 

Interactive Regional Impacts (NOAA): 

http://www.globalchange.gov/publicalions/repons/scienliric-assessments/us-inipacls/regional-climate- 

change-impacts 

-^Climate Change in the United States: The Prohibitive Costs of Inaction (UCS): 

www.ucsusa.org/climatecosts 
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Senator Boxer. Thank you. 

Next we hear from Larry Schweiger, President and Chief Execu- 
tive Officer of National Wildlife Federation. 

Welcome. 

STATEMENT OF LARRY J. SCHWEIGER, PRESIDENT AND CHIEF 
EXECUTIVE OFFICER, NATIONAL WILDLIFE FEDERATION 

Mr. Schweiger. Thank you, Senator. 

Good afternoon, Madam Chairman and members of the com- 
mittee. I want to thank you and the other members who have spon- 
sored this important bill and for the work that you are doing to ad- 
vance this bill of this day. 

Thanks also for the opportunity to testify on behalf of the Na- 
tional Wildlife Federation and our over 4 million members and sup- 
porters across America. 

This bill before us addresses the most compelling challenge of 
our time. It means more jobs, less pollution, and greater security 
for every American. It includes sensible provisions to minimize the 
costs for families in all parts of the country, provides fair distribu- 
tion of resources to solve our energy needs, and helps vulnerable 
people in developing countries cope with climate change while pro- 
tecting nature. 

Congress must enact a two-part agenda. It must cap and reduce 
pollution to levels dictated by science to avoid the most dangerous 
consequences. And it must provide dedicated funding to address 
the inevitable impacts of global warming on nature. 

The Federation supports the strongest CO 2 targets possible. The 
20 percent near-term reduction is a modest, easily achievable tar- 
get and is the minimum starting point for moving forward on this 
problem. 

The fourth report of the Intergovernmental Panel on Climate 
Change warns that in the lifetime of a child born today, some 20 
to 30 percent of the world’s plants and animals will be on the brink 
of extinction if we do not take bold action now. A million species 
could be denied to our children and our grandchildren if we allow 
current carbon emissions to continue, if we fail to safeguard nature 
from the worst impacts of climate change. 

Because of this, we are pleased that the Chairman’s mark pro- 
vides long-term dedicated funding for natural resources. I would 
like to highlight the work of Senator Baucus and Senator 
Whitehouse on these provisions particularly. The investments pro- 
vide essential public and private sector jobs, especially in rural 
areas where local economies are dependent on natural resource ac- 
tivities. 

Our country is blessed with an abundance of natural wealth. It 
provides food, shelter and economic and spirituality vitality. 
Unique landscapes define us as Americans. I think Ken Burns in 
his film recently spelled that out clearly to all of us. 

Born and raised as a hunter and angler, I can say that my wild- 
life heritage has helped me forge family values, and I hope to pass 
this on to my children. I think that is true of many other American 
families from generation to generation. 

These hearings are about whether Congress and all of America 
will step up to its moral duty. If we do, one day we will be able 
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to look our children and grandchildren in the eye and be proud of 
our conservation heritage. If we fail to act now, the alternative is 
almost unimaginable. It is not an exaggeration to call what we are 
facing a climate crisis. This will be the defining challenge of the 
21st century. 

For years, commentators have framed climate change such as 
melting of Arctic sea ice and rising of seas as mere possible out- 
comes in the distant future. In fact, these and other profound eco- 
system changes and climate feedbacks are well underway and are 
occurring far more rapidly that scientists recently projected. 

I just wrote a book called Last Chance: Preserving Life on Earth 
which I will provide to the committee and ask that it be included 
in the record. I believe we are facing our last chance to protect life 
on earth as we have known it. If we fail to cap pollution, nothing 
we can do on the adaptation front will save endangered wildlife or 
conserve ecosystems, including parks, marine sanctuaries, refuges 
and forests that support the economy and protect our quality of 
life. 

If we cap pollution but fail to make investments in protecting 
and restoring our natural resources, we will have accomplished 
only half of the job. Any solution must do both. It must cap pollu- 
tion and use some of the resources generated to repair the current 
and future damages caused by global warming. 

I must ask. Are we ready to talk about a world without polar 
bears, without vast sage brush depth and free roaming antelopes? 
Are we willing to talk about a world without ice fishing or deep 
snows in the winter, a world with insufficient river flow in the 
summertime to support salmon and trout, a world where coastal 
wetlands teeming with wildlife is just a memory? 

The choice is ours. The time is now. 

The National Wildlife Foundation and our partners are com- 
mitted to doing all that we can to safeguard nature from a warm- 
ing world. We are working with scientists, resource managers and 
a coalition of over 700 hunting and fishing and conservation organi- 
zations from every State in the Union. Just the other night, we had 
over 13,000 sportsmen on the phone with Senator Warner talking 
about this very issue. 

This bill offers America a better way to power our future and to 
protect our planet. America has always worked best when we work 
together. Let us work together not to meet our moral obligations 
to future generations. 

Thank you. 

[The referenced book was not received at time of print.] 

[The prepared statement of Mr. Schweiger follows:] 
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I. INTRODUCTION 

Good morning, Chairman Boxer and members of the Committee, my name is Larry 
Schweiger and I serve as President and CEO of the National Wildlife Federation. I would 
like to thank you for the opportunity to testify today on behalf of our more than four 
million members and supporters. 

I would like to begin by thanking you. Madam Chairman, as well as Senator Kerr and 
other key leaders, for the Clean Energy Jobs and American Power Act (S. 1733) and its 
comprehensive approach to protecting our fragile planet, the American economy, and 
American jobs in the face of climate change. I also would like to thank Senators Baucus 
and Whitehouse for the careful attention they have given to the natural resources 
adaptation provisions of this bill. The National Wildlife Federation and its conserv'ation 
partners are pleased that S. 1733 provides long-term dedicated funding, using pollution 
allowances, for a strategic approach to natural resources adaptation. These investments 
will be a boon to the economy and will provide crucial public and private sector jobs, 
especially in rural areas of the country where local economies depend heavily on a 
healthy natural resources base. We look forward to helping you build bipartisan support 
for enacting a strong final product in the coming weeks. 

The American people deserve nothing less. Our nation is blessed with an abundance 
of natural resources that are essential for our food, shelter and economic vitality. They 
provide for our physical and spiritual well being. Our unique habitats and landscapes 
define us as Americans. Bom and raised as a hunter and an angler, I can say that our 
unique wildlife heritage has helped forge many of my family's traditions and values as 
well as those of many other American families from generation to generation. 

Since the conservation leadership of President Theodore Roosevelt, millions of 
Americans have devoted themselves to protecting and restoring our country’s natural 
resources. We have all benefited from their work in countless ways. Now, because of 
unchecked global warming, a century of conservation achievements is in jeopardy. 

As you conduct your work on this most compelling challenge of our time - protecting 
our children’s and grandchildren’s inheritance from global warming - let us remember the 
words of President Roosevelt: 

"Of all the questions which can come before this nation, short of the actual 
preservation of its existence in a great war, there is none n’hich compares in importance 
with the great central task of leaving this land even a better land for our descendants 
than it is for us .... 

Conservation is a great moral issue, for it involves the patriotic duty of insuring the 
safety and continuance of the nation. Let me add that the health and vitality of our people 
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are at least as well worth conserving as their forests, waters, lands, and minerals, and in 
this great work the national government must bear [a] most important part. " 

Today’s hearing is essentially about whether Congress will step up to its moral duty 
to ensure our children and grandchildren are not left with a world fundamentally different 
than the one we have enjoyed. Are we ready to tell them that much of what we have 
enjoyed on earth will not be available to them? 

I ask you, Madam Chairman, and Committee members: Are you ready to talk about a 
world that no longer has polar bears? Vast sagebrush steppe with free-roaming antelope? 
Ice fishing or deep snows in the winter? Sufficient river-flows in the summer for salmon 
and trout? Coastal wetlands teeming with waterfowl? 

It is not an exaggeration to call what we are facing a climate crisis. In fact, a key 
problem with the debate so far has been understatement. For too many years, 
commentators framed climate changes such as melting of Arctic sea ice and rising of the 
seas as mere possible outcomes in the distant future. In fact, these and other profound 
ecosystem changes are well underway and are occurring far more rapidly than scientists 
once projected. With the current pace of climate change, it is hard to imagine what life 
will look like even ten years from now. 

Far too many people remain unaware of the gravity of the climate crisis. It is a story 
we’d rather not hear or face up to. It is a story, however, that we can still alter, if we act 
swiftly. But the window is rapidly closing. This year I wrote a book entitled Last Chance: 
Preserving Life on Earth because I believe we are facing our last chance to protect life on 
earth as we have known it. The time for action is now. 

National Wildlife Federation and our partners in conservation are extremely pleased 
that you chose the topic of adaptation for today’s fourth panel. We must do all we can 
now to safeguard natural resources from a warming world. We are working with 
scientists, resource managers and a coalition of roughly 600 hunting, fishing and 
conservation organizations from every state in the nation, asking Congress to design 
climate and energy legislation that will conserve and protect fish, wildlife and natural 
areas — including parks, marine sanctuaries, refuges and forests — from the impacts of 
global warming. {See Appendices A and B). We must not wait until the full impacts are 
upon us. We must prepare responsibly by conserving the resources we need right now, 
and developing new strategies that integrate climate science into conservation 
management plans. 

If I had a magic wand - and believe me I wish I did - to end all carbon pollution 
tomorrow, the negative impacts on wildlife and natural resources would continue for 
decades. Congress must recognize that the climate crisis requires bold action on the 
effects as well as the causes. 

As S. 1733 recognizes, we must invest now in safeguarding the natural world from 
the inevitable impacts of global warming. The fourth report from the Intergovernmental 
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Panel on Climate Change (IPCC) report warns that in the lifetime of a child bom today, 
20 to 30 percent of the world’s plant and animal species will be on the brink of extinction 
if we don’t take action now.' The legacy of fish, wildlife and plant species that we 
inherited from our parents — and have benefitted tremendously from — will be denied to 
our children and grandchildren if we allow current carbon emissions to continue and if 
we fail to invest now in adaptation. 

Of course, if we fail to cap and reduce the pollution that contributes to global 
warming, nothing we can do on the adaptation front will save our endangered wildlife or 
conserve the ecosystems that support our economy and protect our quality of life. The 
urgent need to cap pollution is frequently noted by commentators on the climate crisis. 
But many observers fail to recognize that if we reduce pollution but fail to make 
investments in protecting and restoring our natural resources, we will have accomplished 
only half the job. 

To meet our fundamental ethical duty to pass on a healthy planet to our children and 
future generations, Congress must enact a two-part agenda in its climate and energy 
legislation, ft must cap and reduce pollution at levels dictated by science to avoid 
dangerous climate change, and it must provide large-scale dedicated funding to 
implement new strategies that address the inevitable impacts of global warming on 
wildlife and natural resources. Any solution that puts a price on pollution must use some 
of the money paid by large polluters to repair the current and future damage they are 
causing. 

Congress must enact legislation that offers Americans a better way to power our 
future and a better way to protect the planet. Restoring America’s economic health is 
linked to restoring the health of our natural systems. We must address carbon pollution 
and the growing threats to our natural world. We cannot do one without the other, or we 
will fail to meet our moral obligations to the generations that will follow us. 


II. CLIMATE CHANGE IS HARMING WILDLIFE AND DISRUPTING 
THE ECOSYSTEMS ON WHICH BOTH PEOPLE AND WILDLIFE 
RELY 

Across the planet, carbon emissions from human activity are producing dramatic 
changes in the natural world, changes that have been accelerating at an astounding pace. 
Scientific findings since the publication of the 2007 IPCC scientific assessment suggest 
that the need for action is more urgent than ever. Earlier this year, scientists from around 
the world gathered in Copenhagen to discuss their most recent findings and concluded 
that the worst-case scenarios found in the 2007 assessment were being realized and even 
exceeded. New studies show that the melting of Arctic sea ice is vastly outpacing 
previous predictions, sea level rise projections must be revised dramatically upward, and 


' IPCC, Climate Change 2007. Impacts, Adaptation and Vulnerability. Contribution of Working Group 11 to 
the Fourth Assessment Report of the Intergovernmental Panel on Climate Change [M.L. Parry, et al. (eds.)j 
(IPCC, 2007a). 
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there is a rapid new release of methane from thawing permafrost and deep sea ice. 

Simply put, science mandates that we act as swiftly as possible to reduce greenhouse gas 
emissions as deeply as possible while safeguarding natural resources threatened by global 
warming. 

In the United States, we are seeing a wide array of changes: 

• Higher average air and water temperatures (both freshwater and marine); 

• Increases in average aimual precipitation in wetter regions (e.g., Northeast) and 
decreases in drier regions (e.g.. Southwest), with an increasing proportion of 
precipitation falling in intense downpours; 

• Lengthening of the frost-free season and earlier date of last-spring freeze; 

• Declines in average Great Lakes ice cover and Arctic sea ice extent and thickness. 
Arctic summer sea ice is rapidly disappearing - it now covers less than 1/2 the area 
covered in the late 20th century and is melting even faster than scientists predicted; 

• More extreme heat waves; 

• More extensive drought, particularly in the West. Western droughts and 
increasing temperatures have led to a four-fold increase in major forest fires and six- 
fold increase in area burned in just two decades; 

• Earlier spring snowmelt and a significant decline in average snowpack in the 
Rocky Mountains, Cascades, and Sierra Nevada ranges; 

• Accelerating rate of sea-level rise and increased ocean acidity; and 

• Increase in the intensity, duration, and destructiveness of hurricanes.^ 

These physical changes are already causing significant ecosystem disruptions. 
Increased water temperatures in coral reefs in Southern Florida, the Caribbean, and 
Pacific Islands have contributed to unprecedented bleaching and disease outbreaks.^ 
Increased storm events, sea level rise, and salt-water intrusion have all led to a decline in 
coastal wetland habitats from the Atlantic Coast to the Gulf of Mexico. Already- 
beleaguered salmon and steelhead from Northern California to the Pacific Northwest are 
now challenged by global warming-induced alteration of habitat conditions throughout 
their complex life cycles.** Forest and grassland systems throughout the West have been 
stressed by drought, catastrophic wildfires, insect outbreaks, and the expansion of 
invasive species.^ Across North America, plants are leafing out and blooming earlier; 


■ This summary of impacts, as well as the adaptation principles and many of the case studies discussed 
below, including a full list of references, are drawn from Glick, P., et al., “A New Era of Conservation; 
Review of Climate Change Adaptation Literature’" (National Wildlife Federation, 2009)! 
t http://www.nwforg/globalwarming/ndfs/NWFCIimaleChangeAdaptationLiteratureReview.pdF). 

Donner, S.D., Knutson, T.R., and Oppenheimer, M., “Model-based Assessment of the Role of Human- 
induced Climate Change in the 2005 Caribbean Coral Bleaching Event,” Proceedings of the National 
Academy of Sciences 104 (2008). 

^ Janetos, A., et al., “Biodiversity,” The Effects of Climate Change on Agricidture, Land Resources, Water 
Resources, and Biodiversity in the United States (U.S. Climate Change Science Program and Subcommittee 
on Global Change Research, 2008). 

^Ibid. 
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birds, butterflies, amphibians, and other wildlife are breeding or migrating earlier; and 
species are shifting ranges northward and to higher elevations.^ 

These and other changes are bellwethers for what scientists project will be even more 
dramatic impacts in the decades to come, even if we achieve significant reductions in our 
emissions of heat-trapping greenhouse gases. Some studies suggest that parts of North 
America will experience complete biome shifts, whereby the composition and function of 
a region’s ecological systems change.^ For example, boreal forest vegetation is projected 
to continue its spread into Arctic tundra regions at northern latitudes and higher 
elevations, with its current southern range possibly converting to grassland or temperate 
forest. The southwestern U.S. is expected to shift permanently to a more arid climate with 
even a modest amount of additional warming.® 

Of particular concern is the disruption of entire ecosystems. As diverse species 
respond to global warming in different ways, important inter-specific connections — such 
as between pollinators and the flowers they fertilize, or breeding birds and the insects on 
which they feed — will be broken.^ Decoupling of such relationships among species can 
have disastrous consequences. For example, research on the Edith’s checkerspot butterfly 
(Euphydryas editha) in California revealed a climate-driven mismatch between caterpillar 
growth and the timing of its host plant drying up at the end of the season. Observations 
of the species in the southernmost portions of its range have shown that during periods of 
extreme drought, or in low snowpack years, caterpillar food plants were already half dry 
by the time the eggs hatched. This reduction in forage quality led to high extirpation rates 
among those populations. 

The ecological impacts associated with climate change do not exist in isolation, but 
combine with and exacerbate other stresses on our natural systems. Leading threats to 
biodiversity include habitat destruction, alteration of key ecological processes such as 
fire, the spread of harmful invasive species, and the emergence of new pathogens and 
diseases.' ' The health and resilience of many of our natural systems are already seriously 
compromised by these “traditional” stressors and changes in climate will have the effect 
of increasing their impact, often in unpredictable ways. The loss and fragmentation of 
natural habitats due to the development of roads, buildings, and farms is especially 
worrisome because it hinders the ability of species to move across the landscape to track 
favorable climatic conditions.'’ 


^ Parmesan, C., and Galbraith, H., Observed Impacts of Global Climate Change in the U.S. (Pew Center on 
Global Climate Change, 2004). 

’ IPCC, 2007a. 

* Solomon, S., el al., “Irreversible Climate Change Due to Carbon Dio.xide Emissions,” Proceedings of the 
National Academy of Sciences 106 (2009): 1704-1709. 

Root, T., and Schneider, S., "Climate Change: Overview and {mpHcations for Wildlife,*’ Wildlife 
Responses to Climate Change: North American Case Studies [S. Schneider and T. Root (eds.)] (Island 

Press, 2002). 

Parmesan, “Climate and Species’ Range,” Nature 382 (1996): 765-766. 

’’ Wilcove, D.S., et al., “Quantifying Threats to Imperiled Species in the United States,” BioScience 48 
(1998); 607-615 

ibaftez, I., et al., “Predicting Biodiversity Change: Outside the Climate Envelope. Beyond the Species- 
area Cunx,” £‘co/ogv' 87 (2006): 1896-1906. 
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As noted above, the IPCC concluded in its most recent assessment of the science that 
as many as a million species of plants and animals around the world could be threatened 
with extinction between now and 2050 if we do not implement meaningful steps to 
address the problem. This unprecedented threat to our natural world recently led 612 
leading experts in the biological sciences to write to Congress urging enactment of a 
large-scale dedicated funding mechanism to enable natural resources managers to 
safeguard natural resources from climate change impacts. See Appendix C. 


III. WHEN NATURE THRIVES, AMERICA THRIVES 

I would like to talk today about how Congress can face up to this dire situation and 
not only help wildlife and wildlife habitats survive global warming, but help them thrive. 

As goes America’s wildlife, so goes America. The health of wildlife and natural 
ecosystems is closely linked with the health of the economy, human health and safety and 
quality of life. 

Can we weather the storm on the horizon if we do not pay careful attention to the 
warnings and alarms that are plain to see from the wildlife around us? Can we have safe 
communities and healthy families if we fail to protect the natural world we depend on for 
clean water, abundant food, flood protection and a strong economy? What will it be like 
for our kids and grandkids to grow up in America if we allow the majesty and vitality of 
America’s great outdoors to be spoiled on our watch? 

As naturalist Rachel Carson emphasized in her timeless book Silent Spring, wildlife 
provides the warning signal that enables us to take action on threats to our environment 
before it is too late. If we pay attention to what is happening to wildlife today frxtm 
carbon em issions, we see early signs of “system failure” in many regions. For example, 
as the ocean warms and becomes more acidic and coral species begin to decline and 
disappear, we see signs of a potential breakdown in the very marine food web that people 
depend upon for their sustenance. As polar bears lose their hunting grounds and begin to 
experience reproductive failures, we see signs of a potential breakdown in an entire way 
of life that has evolved among the tribal people of the Arctic for many centuries. The 
dramatic changes we see in the tropical seas and the Arctic signal the potential for 
equally dramatic changes in the temperate zones if we fail to take immediate action. 

In addition to serving as an important sentinel of change, wildlife serves as the 
foundation of rural economies throughout our nation. Fishing, hunting, hiking and other 
outdoor activities that rely on healthy wildlife and ecosystems contribute $730 billion to 
the U.S. economy. They also support nearly 6.5 million jobs and generate $88 billion in 
state and national tax revenue.'^ Continuation of this economic activity at or near current 


The Active Outdoor Recreation Economy: a $730 Billion Contribution to the U.S. Economy (Outdoor 
Foundation, 2006). 
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levels depends on a commitment by Congress to invest in safeguarding wildlife and 
ecosystems from climate change impacts. 

These numbers barely scratch the surface of the vast array of ecosystem services that 
are vital to human existence. 

Wetlands provide an important example of how the economy, human health and 
safety and quality of life depend on conservation. Wetlands provide essential flood 
control, water purification, ground and surface water supply, and wildlife habitat values. 
Using a very conservative estimate of $10,000 in value of benefits per acre,*'' the 
remaining 100 million acres of wetlands in the lower 48 states are worth roughly $1 
trillion. Although the extent of overall damage to wetlands that will result from global 
warming is unknown - this will be determined in significant part by the actions of 
Congress — global warming is projected to dry up or degrade up to 90 percent of the 
wetlands in the nation’s prairie pothole region alone.'" 

The economic benefits of forests provide another reason for urgent action to confront 
climate change. The U.S.’s 520 million acres of forests'^ are valued at more than $60 
billion for the annual benefits they provide, such as water filtration and storage, flood 
protection, recreation, timber production and recreational opportunities. ’’ As the climate 
has warmed, the area burned by fires in the western U.S. has increased six-fold and fire- 
fighting burdens have sky-rocketed; annual federal expenditures to prepare for and fight 
fires in 2007 were $3 billion, a three-fold increase from 1999.'* The major increase in 
fires accelerates erosion, lowers water and air quality, and decreases timber yields, 
among other impacts. 

Large-scale investments in forest conservation, both through strategic acquisitions 
and through enhanced management and restoration measures, would pay enormous 
dividends. For example, water utilities that rely upon surface water depend heavily on 
investments in forest conservation to avoid the much higher expenses associated with 
water treatment facilities. One study showed that for every 10 percent increase in forest 
cover in the source area, utilities saved 20 percent of their water treatment and chemical 
costs. 


CosUnza, R. et ai. 1997. ’The Value of the World’s Ecosystem Services and Natural Capital.” Nature 

387: 253-260. 

Anderson, M.G., and Sorenson, L.G., "Global Climate Change and Waterfowl: Adaptation in the Face 
of Uncertainty,” Transaction of the North American Wildlife and Natural Resources Conference 

(Wildlife Management institute, 2001): 300-319. 

Pimentel, D., et al., "Economic and Environmental Benefits of Biodiversity,” BioScience 47 (1997): 747- 

151. 

Krieger, D.J., The Economic Value of Forest Ecosystem Serx’ices: A Review ( The Wilderness Society, 
2001 ). 

Government Accountability Office (GAO), 2008. Wildland Fire Management: Federal Agencies Lack 
Key Long- and Short-Term Management Strategies for Using Program Funds Effectively. Statement of 
Robin M. Nazzaro Before the Subcommittee on Interior, Environment, and Related Agencies, Committee 
on Appropriations, House of Representatives, February 12,2008. GAO-08-433T. 

Ernst, C., et al.. Protecting the Source: Conserving Forest to Protect Water (American Water Works 
Association, 2004). This statistic applies only to source areas with less than 65 percent forest cover. 
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Similarly, large-scale investments in restoring coastal and floodplain habitats to 
buffer against sea level rise and intensified storms would have substantial economic and 
human safety benefits. During the 1980s, there were just three weather-related natural 
disasters with losses of $ 1 billion or more. The number rapidly increased to 26 during 
the 1990s, and another 26 between 2000 and 2006 alone.^® Investments in buffer zones 
and continuous vegetative corridors along rivers and streams, on barrier islands and along 
coastlines not only protect and strengthen critical ecosystems, but also reduce the amount 
of property at risk from catastrophic damages due to storms and sea-level rise. Such 
investments also promote land uses, such as recreation and agriculture, which are more 
compatible with storms and natural hazards. Moreover, they often promote greater 
groundwater infiltration, which helps moderate the impacts of intensified droughts and 
low flow periods that are expected to accompany climate change. 

Increases in weather-related disasters associated with global warming carry more than 
an economic cost. The perils of weather-related disasters are exemplified by Hurricane 
Katrina, which caused one million evacuees to flee and more than 1,800 deaths."' 
Investing in restoring coastal wetlands and other buffers against sea level rise and 
intensified storms will be essential to protecting these and other communities. 

Safeguarding our natural resources is also essential for achieving our nation’s 
greenhouse gas reduction goals. A key part of these goals will be met through 
sequestering carbon in forests and grasslands — but only if those natural systems are 
sufficiently resilient to withstand the intensified floods, droughts, pests, disease and other 
stresses that accompany climate change. 

Clearly, we must act now to safeguard our natural resources not Just for aesthetic and 
moral reasons, but also because they serve as the foundation of our very lives and of 
much of our economy. What we do today will determine the well-being of our children 
and grandchildren, and the economic security of our country. 


IV. LEGISLATION CAPPING GLOBAL WARMING POLLUTION MUST BE 
“CLEAN, GREEN, AND FAIR.” 

As the broad agreement among scientists continues to tell us, to avoid the worst 
effects of global warming we must limit additional warming to no more than 2 degrees 


Incomplete data prevented any conclusions regarding the benefits of adding additional forest cover to areas 
that already have 65 percent or greater forest cover. 

"’0 

U.S. Climate Change Science Program (CCSP), 2008. Weather and Climate Extremes in a Changing 
Climate. Regions of Focus: North America, Hawaii, Caribbean, and U.S. Pacific Islands. T.R. Karl, et al. 
(eds.). Department of Commerce, NOAA's National Climatic Data Center, Washington, D.C., USA, 164 

pp. 

Brown, A., "‘Hurricane Katrina Pummels Three States,” CNN Transcripts ( 
http:/ /transcnpts.cnn.eom/TRANSCRIPTS/0508/29/asb.01.html . aired August 29, 2005) and Grier, P, "The 
Great Katrina Migration," Christian Science Monitor 12 (2005). 
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Celsius over pre-industrial levels."" According to the IPCC, we have a reasonable chance 
of meeting this objective if developed countries, such as the United States, as a whole cut 
their emissions by 25-40 percent below 1990 levels by 2020 and by 80-95 percent below 
1990 levels by 2050."^ 

It should come as no surprise, therefore, that NWF’s top priority is enactment of 
legislation that places mandatory caps on global warming pollution from major emitters 
and invests in transforming America to a new, clean energy economy. This legislation 
must reduce domestic global warming pollution as swiftly as possible by 2020 and by 
over 80 percent by mid-century in order to protect wildlife and future generations from 
the most destructive impacts of climate change. If designed and implemented correctly, 
such legislation can also provide the financial resources needed to invest in new clean 
energy solutions, create millions of new jobs, protect the public from rising energy prices, 
and safeguard America's natural resources from the impacts of global wanning. 

The best means to accomplishing these goals is by implementing an economy-wide 
cap and invest system that is “clean, green, and fair.” Through such a system, the nation’s 
biggest polluters should be required to promptly and steadily reduce their pollution 
levels. Revenue generated from polluters paying for emission allowances can be directed 
to meet our moral obligation to solve global warming, facilitate a clean energy transition 
that is economically fair to families in all regions of the nation, protect our natural 
resources from the impacts of a warming climate, and take care of communities and those 
who are least able to respond to the changes that are coming. While the cap sets out a 
path to reduce global warming pollution, the choices of how we invest the financial 
resources generated from such a system will also determine whether we solve the climate 
crisis and create a low-cost, productive, and sustainable transition to a clean energy 
economy. 

National Wildlife Federation believes that the Chairman’s mark of the Clean Energy 
Jobs and American Power Act provides a clean, green and fair framework. 


A. Investing in a Clean Energy Future 

We must remember that the challenge of combating global warming also brings 
enormous opportunity. The shift to a clean energy economy will put millions of 
Americans, including those most in need, back to work in the face of our deepest 
economic crisis since the Great Depression. Resources generated by a cap and invest 
system can ensure that this opportunity is realized. 

To meet the challenge of global warming, we must first transform the ways America 
and the rest of the world produce and use energy, achieving dramatic improvements in 


’’ This temperature increase is equivalent to 3.6 degrees Fahrenheit over pre-industria! levels or about 2 
degrees Fahrenheit over the amount of warming that has already occurred. 

IPCC, Climate Change 2007. Mitigation. Contribution of Working Group III to the Fourth Assessment 
Report of the Intergovernmental Panel on Climate Change [Ftoughton, J., et al. (eds.)] (IPCC, 2007b). 
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the efficiency with which we use energy in our homes, businesses, and vehicles and 
moving to clean, renewable energy, like wind and solar power. A significant share of 
revenue generated by new global wanning legislation must be directed toward 
overcoming technological or market obstacles, and toward creating new and stable jobs 
in key sectors, including green buildings and other efficiency improvements. These 
investments also must focus on building an updated smart electric grid; generating wind, 
solar, and geothermal electricity; designing carbon capture and storage; and transforming 
the transportation sector (with low carbon fuels, electric automobiles, and reduced 
vehicle miles traveled). And new incentives must be made available to encourage 
American farmers and land owners to assist in combating global warming by enhancing 
the sequestration of carbon on their private lands with healthy forests, sustainable 
agriculture, and other actions. 

B. Investing in our Green Conservation Legacy 

Of an equal imperative is the need to protect America’s great, green legacy of 
conservation. As 1 elaborate further in the next section of this testimony, we need to 
ensure that our critical natural resources are protected from the growing impacts of global 
wanning. Any solution that puts a price on global warming pollution must also use some 
of the resources it generates to repair the current and future damage caused by such 
pollution. Financial commitments are needed, and will continue to be needed, to protect 
and restore the land and water that people and wildlife depend on, including freshwater 
ecosystems, forest lands, and coastal ecosystems, so that they are more resilient. Federal 
climate legislation must include sufficient funding to empower natural resource managers 
at the national, state, local and tribal levels to identify, prioritize and protect ecosystems 
at risk from global warming. The investment must be dedicated, not appropriated, so that 
resource managers have a guaranteed source of funding for these critically important 
projects. This absence of fully dedicated funding was a key weakness of the American 
Clean Energy and Security Act passed by the House, and so the National Wildlife 
Federation strongly supports the provisions in the Clean Energy Jobs and American 
Power Act that remedy this problem. 

C. Investing in Fair Solutions 

We know that creating a program to reduce global warming pollution will, over time, 
drive major, positive changes in our homes, communities and workplaces. During this 
transition we need not only to protect individuals and communities from potential short- 
term financial hardship that could result from these changes, but also to promote the 
technology, training, and other investments needed to ensure that the transition brings 
new jobs and opportunities to every community. Long-term investments need to provide 
communities with new employment and educational opportunities, including urban and 
rural worker training programs. These will create the work force needed to build the new 
clean energy infrastracture. 

Funding from a cap and invest program also should ensure that the economic impacts 
of the legislation are fair for families and consumers from all regions of the nation, and 
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we applaud the provisions in the Clean Energy Jobs and American Power Act that do 
precisely that. Because low- and moderate-income households spend a larger share of 
their budgets on energy and other basic costs of living than others, we must make sure 
that any energy-related price increases are cushioned by direct consumer rebates that 
effectively and efficiently reach households and workers in need. Investment in energy 
efficiency also is crucial - it is one of the most effective means of protecting all 
consumers from rising energy prices because it keeps money circulating in American 
households and communities rather than allowing it to flow overseas to import more 
polluting fuels. 

Our responsibility to solve global warming in a fair and equitable maimer does not 
stop at our borders. In addition to acting at the domestic level, the U.S. must also become 
an international leader and forge a new climate treaty in the Copenhagen climate 
negotiations. Successfully resolving the global warming crisis at the international level 
is dependent, in part, on substantial funding for adaptation in developing countries, which 
are the most vulnerable to climate change impacts. The United Nations Development 
Program (UNDP) recently estimated that through 2016 developing countries will require 
approximately $86 billion per year in new adaptation funding to cope with the impacts of 
climate change."*' The U.S. should lead the way toward a global solution to climate 
change by providing developing countries with measurable, reportable, and verifiable 
financing for clean energy technologies, forest conservation, and adaptation efforts that 
address unavoidable climate impacts. The National Wildlife Federation strongly supports 
the Clean Energy Jobs and American Power Act’s policy measures to address these 
challenges and we hope to work with Congress to strengthen its commitment of funding 
to support these policies. 


V. SAFEGUARDING NATURAL RESOURCES IN THE FACE OF 

CLIMATE CHANGE WILL PAY LARGE DIVIDENDS FOR PEOPLE 
AND WILDLIFE 

A. Aggressive Action is Needed to Protect People and Wildlife from Climate 
Change Impacts 

Conservation strategies of the past century have been carried out under the 
assumption that climate, weather patterns, species and habitat ranges, and other 
environmental factors will (or should) remain consistent with historical trends. Today, 
much of the environmental progress that has been achieved using these strategies is at 
grave risk. Continuing to operate under a “business as usual” approach will likely lead to 
a wave of extinctions and severe degradation of the ecosystems on which both people and 
wildlife depend. Given current trends of global warming and human development, a new 
conservation paradigm must be launched. This paradigm, referred to here as natural 
resources adaptation, is far more ambitious than the previous approach to conservation. 


24 UNDP, “Fighting Climate Change: Human Solidarity in a Divided World,” Human Development 
Report 2007/2008 (UNDP, 2008) ( httD://hdr.undD.org/en/mediah-lDR 20072008 EN Comolete.ndf ). 
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In essence, it calls for anticipating the harmful combined impacts to ecosystems of 
inevitable global warming and human development and using conservation measures to 
protect wildlife and people from those impacts. 

Although the discipline of natural resources adaptation is a new one, a consensus is 
rapidly emerging among scientists and natural resource managers on the key steps that 
must be taken. In selecting conservation objectives and developing management 
strategies, natural resources adaptation experts recommend adhering to the following five 
principles: 


1. Reduce other, non-climate stressors. Addressing other conservation 
challenges — such as habitat destruction and fragmentation, pollution, and invasive 
species — will be critical for improving the ability of natural systems to withstand 
or adapt to climate change. Reducing these stressors will increase the resilience of 
the systems, enabling them to recover from climate-related disturbances and 
return to a functional state. 

2. Manage for ecological function and protection of biological diversity. 

Healthy, biologically diverse ecosystems are better able to withstand the impacts 
of climate change than depleted ecosystems. Ecosystem resilience can be 
enhanced by protecting biodiversity among different functional groups, among 
species within function groups, and variations within species and populations, in 
addition to species richness itself. 

3. Establish habitat buffer zones and wildlife corridors. Improving habitat 
“connectivity” to facilitate species migration and range shifts in response to 
changing climate condition is an important adaptation strategy. 

4. Implement “proactive” management and restoration strategies. 

Efforts that actively facilitate the ability of species, habitats and ecosystems to 
accommodate climate change — for example, beach renourishment, enhancing 
marsh accretion, planting climate-resistant species, and translocating species — - 
may be necessary to protect highly valued species or ecosystems when other 
options are insufficient. 

5. Increase monitoring and facilitate management under uncertainty. 

Because there will always be some uncertainty about future climate change 
impacts and the effectiveness of proposed management strategies, careful 
monitoring of ecosystem health coupled with management approaches that 
accommodate uncertainty will be required. 


Conservation practitioners are already putting these principles into action. For 
example, we know that we must rebuild the coastal wetland complex in Louisiana if we 
are going to protect the people and wildlife of that region from the combined effects of 
sea level rise and intensified storms. Coastal Louisiana loses the equivalent of 32 
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football fields of land every day. If this rapid loss is allowed to continue, nearly 2 million 
people in Louisiana's coastal zone will be subjected to more frequent and severe flooding. 
Entire communities may have to be abandoned. Seafood and other natural resources 
critical to families across the country will be lost. 

To address this threat, the National Wildlife Federation is working with state and 
federal agencies and other NGOs to restore this vast wetland complex. One very 
promising near-term opportunity is a project to restore the Bayou Bienvenue cypress 
swamp — a 3 1,000 acre area in St. Bernard Parish and eastern New Orleans. This cypress 
forest once protected the community cuid its natural resources from storms, and with the 
support of Congress, it can do so again. Imagine the progress that could be made in 
protecting communities from storms and floods, and generating economic activity, if 
Congress were to use dedicated funding generated by cap-and-invest legislation to 
stimulate these kinds of habitat restoration projects across the country. 

There are similar adaptation projects in early stages of planning and implementation 
in every region of country. These projects, and many others, await a substantial funding 
commitment from Congress to produce the conservation outcomes that the American 
people value and expect. For example: 

• In New York, the Department of Environmental Conservation (DEC) is working 
with state Department of Transportation (DOT) on redesigning the standards for culverts 
under roadways across the state to take into account intensified rainfall events and to 
improve the connectivity of aquatic and riparian habitats. Both agencies have integrated 
climate change forecasts into their planning. The DEC benefits from the expanded 
culverts because they help reduce soil erosion, allow for sediment buildup and improve 
aquatic habitat; the DOT benefits because roadways are less likely to be washed away by 
storms.’^ 


• In Massachusetts, the state is integrating principles of climate change adaptation 
in its ongoing watershed activities. In its Town Brook Restoration Project, agency and 
non-govemmental organization (NQO) partners are restoring habitat and connectivity for 
both resident and anadromous cold water fish in Plymouth. The project entails a 
combination of selected dam removal, restoration of areas of natural stream bank, altering 
a culvert, and rebuilding a fi.sh ladder. Anticipating the more intense rainfall events and 
warmer stream temperatures that accompany climate change, the state will be providing 
fish with more natural flow regimes as well as cold-water refugia.'^® 

• Also in Massachusetts, the state is undertaking a comprehensive assessment of the 
climate change vulnerability of its priority wildlife habitats to understand which wildlife 
species and habitats will be at increased risk, and where future conservation actions will 
be most important. Building on the state’s federally-approved wildlife action plan, this 


Federal Highway Administration, Integrating Climate Change into the Transportation Planning Process 
(ICF International, 2008). 

Massachusetts Department offish and Game, “Adapting to Climate Change” 
( http://www.mass.gov/dFwele/ciimatechange.htm V 
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vulnerability assessment is being used by state agencies and private conservation partners 
to alter priorities for conservation land acquisitions.*^ 

• In California’s San Francisco Bay, efforts to restore salt marsh habitat on 
abandoned salt evaporation ponds have been revised to take projected sea level rise into 
account. The U.S. Fish and Wildlife Service (FWS) is restoring these wetlands with the 
aim of not only providing habitat for migratory birds and endangered species but also 
protecting low-lying communities from flooding."* 

• The Western Governor’s Association (WGA) has recognized that healthy 
ecosystems and abundant wildlife are imfwrtant economic drivers and that in the face of 
climate change the survival of many of the West’s most cherished wildlife species will 
depend on protecting crucial habitats and ensuring connectivity among these habitats. To 
that end, it has carried out a multi-state planning effort to identify important wildlife 
corridors, and has established a Western Wildlife Habitat Council to coordinate and 
manage implementation of the wildlife corridors initiative."’ 

• On the southern tip of Florida, bleaching events in the coral reef have been 
increasing in number and severity due in part to warming of ocean waters. The recovery 
plan outline for the threatened elkhom and staghorn coral calls for new measures to 
prevent land-based pollution will make corals far less susceptible to such bleaching.^’ 

• In North Carolina, agencies and NGOs such as the Nature Conservancy are 
responding to and anticipating a significant loss of lowland wetlands due to a 
combination of land subsidence and sea-level rise in the Albemarle-Pamlico region. 

They are installing water control structures to manage water levels, to enhance marsh 
accretion and planting flood- and salt-tolerant plant species such as native bald cypress. 

In addition, they are constructing native oyster reefs along the shorelines to reduce wave 
energy and create new shallow-water habitats. 

• In Maryland, the state has established a “Living Shorelines” program that uses 
sand-loving plants to anchor Chesapeake Bay coastal habitats in the face of sea level rise. 
Maryland changed its laws last year to encourage more communities to build this kind of 
project instead of hardened bulkheads, and awards $1.5 million a year in no-interest loans 
for such projects.^* This is a departure from the costly and ecologically destructive 
“armoring” approach to sea level rise, which relies on man-made sea walls or rock piles 
that has made the Chesapeake look like a “high-sided swimming pool” in some places.^^ 


’’ Ibid, 

FWS, “Many Partnerships Involved in South Bay Restoration.” Tideline: San Francisco Bay National 
Wildlife Refuge Complex 23 (2003). 

WGA, Wildlife Corridors Initiative (Western Governors’ Association, 2008). 

Grimsditch, G.D., and Salm, R.V., Coral Reef Resilience and Resistance to Bleaching (The World 
Conservation Union, 2005). 

Maryland Department of Natural Resources, “Living Shorelines” 
(http://shorelines.dnc.state.md.us/living.asp). 

Fahrenthold, D.A., “Eco-bills Come Due at Bav’s Beaches,” The Washington Post, March 19, 2009, p. 
AOl. 
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• In Washington, university scientists and state agencies are working with 
Washington State’s Watershed Planning Program to help locally-based watershed 
managers anticipate projected shifts in annual streamflow patterns and thereby reduce 
flood damage and improve stream health. 

• In Oregon, the Forest Service and others modeling future climate conditions and 
vegetative change to project potential impacts of climate change on natural systems in the 
Rogue River Basin of Oregon. They project that reduced snowpack, rising temperatures, 
and the occurrence of drought will dry out soils and make forests more susceptible to 
wildfires, leading to declining forest product production to decline. As a result, managers 
are considering adjusting forestry management practices and post-fire logging activities, 
as well as adopting policies that integrate fuel reduction efforts with small scale biomass 
energy production. 

• In Virginia and at least fourteen other states, state wildlife agencies have brought 
together stakeholders at workshops to update their State Wildlife Action Plans to ensure 
that they account for inevitable climate change. 

As the above examples make clear, natural resources conservation leaders across the 
country are helping to launch a new paradigm for conservation, one that helps America 
safeguard its natural assets from the unprecedented threat of human-caused climate 
change. However, the financial resources available for this work have been quite limited, 
especially when compared to investments made in the physical sciences and in 
investigating the causes and mitigation of climate change. 

The recently released report on adaptation by the U.S. General Accountability Office 
highlights how the absence of any clear national strategy, and the lack of any funding 
mechanism to carry out such a strategy, has hindered progress in safeguarding wildlife 
and people from climate change impacts. GAO’s survey of federal, state and local 
officials revealed that, despite a broad recognition of the gravity of the climate change 
threat, non-adaptation projects generally receive higher priority attention than adaptation 
efforts from agencies due to the long-term nature of the problem and the absence of any 
mandate to take action. In addition, agencies are constrained in their ability to take action 
due to the shortage of local climate projections and other site-specific data. Another key 
challenge is the general absence of any delineation of roles and responsibilities.^^ 

To address these substantial gaps in capacity and policy direction and to put in place 
a new paradigm of natural resources adaptation , Congress must make large-scale 
investments in the design and implementation of a national adaptation strategy as well as 
region-specific natural resources adaptation plans. 

B. Natural Resources Adaptation Requires Strong Investments, but the Benefits 
Greatly Exceed the Costs 


” Climate Change Adaptation: Strategic Federal Planning Could Help Government Officials Make More 
Informed Decisions (US GAO October 2009). 


16 



810 


In May 2008, the Senate considered S. 3036, the Climate Security Act (CSA), which 
earlier had been approved by the Environment and Public Works Committee. Among 
other features benefiting wildlife and natural resources, the CSA provided an average of 
roughly $7 billion annually over its first two decades for natural resources adaptation in 
the U.S. In contrast, H.R. 2454, the American Clean Energy and Security Act passed by 
the House this past June, provides an average of roughly $1.7 billion over the same time 
period. We have not yet had the opportunity to estimate the dollar value of the 
investments contemplated in S. 1733, but we anticipate that it will be slightly lower than 
in the House bill. Of these three amounts, NWF and its conservation partners firmly 
believe that last year’s Senate bill provided an appropriate level of investment for 
protection of U.S. natural resources threatened by climate change, given the numerous 
other pressing demands for those proceeds. 

Although no study has yet tabulated the full cost of conserving species and 
ecosystems in the face of climate change, it is clear that the cost will be far greater than 
$7 billion annually. Eor example, a series of studies on the costs of restoring the 
Everglades, Chesapeake Bay and Great Lakes suggests that the cost over five years 
ranges from at least $10 billion to $20 billion each.^** Another study found that $350 
billion would be needed over 30 years to make up a viable habitat conservation network 
across the lower 48 states (using conservation easements to acquire interests in land).^’ 

Although most of the conservation actions considered in these studies would build 
ecosystem resiliency in the face of climate change, it should be emphasized that these 
studies did not specifically take into account the impacts of climate change in arriving at 
their cost estimates.^® Considering that climate change adds a large stressor on top of 
existing stressors. Congress should assume that these cost estimates significantly 
understate the overall costs of conserving ecosystems in the face of climate change. 

Despite this large price tag. Congress must recognize that, as discussed above, the 
economic benefits of conservation reach into the hundreds of billions aimually and 
therefore far exceed the costs. In essence, healthy, well-functioning ecosystems provide 
the foundation for a healthy economy. 

Some will argue that Congress should postpone to another day the funding of natural 
resources adaptation. This would be a foolish approach. As each day passes where 
conservation action is delayed, the costs of inaction continue to mount. More and more 


CRS Report for Congress: Ecosystem Restoration in the Great Lakes: The Great Lakes Regional 
Collaboration Strategy (January 30, 2008). 

Casey, F., et al., The Cost of a Comprehensive National Wildlife Habitat Conservation System 
(Defenders of Wildlife, 2008). The study drew from a sample of maps prepared by state and fish wildlife 
agencies in developing State Wildlife Action Plans, which are largely oriented toward terrestrial habitats. 

Presumably, most adaptation measures will use existing conservation tools and approaches, but climate 
change information will necessitate changes in the timing, location and scale in which they are employed. 
Natural resources adaptation also will inevitably require the development of novel tools and approaches. 
Unfortunately, little federal research and development funding to date has gone into adaptation planning 
and implementation. Substantia! public investments are needed to spur innovation in this area. 
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species spiral toward extinction and ecosystems become further degraded. Over time, the 
options for restoring them will become increasingly reduced and more costly. 


C. A Dedicated Funding IMechanism in Climate Legislation is Essential to 

Meeting the Challenge of Safeguarding Wildlife and Natural Resources from 
the Impacts of Climate Change 

As noted above, National Wildlife Federation and its conservation partners are 
extremely pleased that S. 1733 provides a permanent source of dedicated funding, using 
pollution allowances, for natural resources adaptation. We also pleased that this 
dedicated funding is broadly distributed among federal, state and tribal natural resources 
agencies.^’ These agencies already have the program delivery infrastructure in place to 
quickly put natural resources adaptation projects on the ground. In addition, with their 
well-established cooperative grant programs, they are well-positioned to distribute funds 
to private landowners and companies that have historically played leadership roles in 
natural resources protection and restoration. These private sector enterprises will provide 
crucial environmental jobs, especially in rural areas of the country where local economies 
depend heavily on a healthy natural resources base. 

In contrast, H.R. 2454, passed by the House in June, provides a dedicated source of 
funding only to the states. Under the House bill, federal agencies must rely upon the 
annual appropriations process to meet their obligations to safeguard wildlife and natural 
resources from the impacts of global warming. Adopting this approach in the Senate 
would be a mistake. First, the amounts that would potentially available through the 
appropriations process would not come close to meeting the scope of the challenge. 
Second, natural resource adaptation projects are necessarily multi-year endeavors, 
requiring long-term planning and predictable investments. Finally, this nation has long 
adhered to the principle of “polluter pays.” Thus, in determining how to address the 
harmful impacts of global warming, it is entirely appropriate to use dedicated funding 
generated by those who emit global warming pollution into the atmosphere. In allocating 
proceeds of the sale of global warming pollution allowances. Congress should highlight 
how these proceeds are addressing both the causes and effects of this pollution. 

Finally, we are pleased that S. 1733 provides funding to general adaptation programs 
such as water utility adaptation, wildfire reduction and coastal infrastructure protection. 
We also are pleased that the bill recognizes the importance of using natural systems to 
provide buffers against storms and floods and to provide filtration services for drinking 
water utilities. However, Congress should resist any temptation to create a single 
dedicated fund for these types of adaptation as well as natural resource adaptation. 
Natural resources adaptation requires a distinct approach and a distinct funding source. 


” As sovereign nations and managers of 95 million acres of land, Indian tribes will play a crucial role in 
helping wildlife and natural resources survive climate change. 
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D. The Broad Array of Groups that Have Mobilized in Support of the 

Safeguarding Natural Resources Agenda Shows its Urgency and Importance 

As noted above, NWF participates in a diverse coalition of roughly 600 conservation 
and sporting organizations that have joined in an effort to secure large-scale dedicated 
funding for wildlife and natural resources in federal climate change legislation. Recently, 
conservation and sporting organizations from every state in the nation sent two letters to 
the Senate urging enactment of comprehensive climate and energy legislation that 
reduces greenhouse gas emissions and provides dedicated funding for natural resources 
adaptation. See Appendices A and B. As these letters make clear, our coalition 
recognizes the crucial importance of ensuring that spending of natural resource 
adaptation funds is done strategically. We recommend that all spending be guided by 
national and state-level adaptation strategies, and that such strategies be integrated with 
large-landscape conservation plans such as State Wildlife Action Plans. In addition, such 
strategies must be based on sound science and developed with broad public participation 
and input. 

In summary, NWF urges Congress to cap and reduce pollution at levels dictated by 
science to avoid dangerous climate change, and to provide large-scale dedicated funding 
to safeguard wildlife and natural resources from climate change impacts. Thank you 
again for the opportunity to testily today. 
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September 15, 2009 
Dear Senator, 

On behalf of our organizations and the millions of individuals from across the country we represent, 
we urge you to work with your colleagues to ensure die Senate passes comprehensive climate 
and energy legislation that reduces greenhouse gas emissions and dedicates 5% of the total 
allowance value for natural resources adaptation in order to safeguard fish and wildlife, and the 
natural resources on which we all rely. 

These funds will provide crucial support for job-creating conservation initiatives to protect 
natural resources which are the backbone of public health and the American economy. 

Across the country construction crews, engineers, scientists and others will be employed to restore 
America’s landscapes, strengthen ecosystems so they can withstand disruptive changes, remove 
invasive species from natural areas, repair damaged watersheds and help revive rural economies. 

Healthy natural systems provide clean water, clean air and protect communities from catastrophic 
weather-related disasters, ranging from hurricanes to floods to forest fires. Outdoor recreation, 
including hunting, fishing, camping, climbing, hiking, paddling, backcountry skiing, 
mountain biking, wildlife viewing, and other activities accounts for 8% of all consumer 
spending, which drives an overall annual contribution of $730 billion to the economy, 
supporting 6.5 million jobs (1 of every 20 jobs in the U.S.), according to The Outdoor Industry 
Foundation. The economic value of the natural environment is far higher when the vast range of 
ecosystem services is also included; conservative estimates tally these benefits at trillions of dollars 
annually. 

Climate change poses an immediate and profound threat to the healthy natural systems that provide 
us with drinking water, flood protection, food, medicine, timber, recreational opportunities, scenic 
beauty, jobs, and numerous other services. Given these threats, climate legislation must both reduce 
greenhouse gas emissions and invest in our natural resources that will provide huge economic 
benefits for generations. Local, state, federal, and tribal fish, wildlife and land managers are 
critically short of funding needed to effectively respond to the combination of these 
challenges to help safeguard our natural resources, fish and wildlife in a warming world. The 
effort will be substantial and adequate resources are necessary. 

As the Senate develops comprehensive climate and energy legislation, your leadership is needed to 
get the whole job done this year. Please ensure climate legislation both reduces the 
greenhouse gas emissions triggering climate change a/i</ safeguards natural resources, 
wildlife and our own communities threatened by the changes already set in motion. 

Specifically, any Senate bill should: establish a national policy framework to begin addressing the 
impacts of climate change on out natural resources; provide increased scientific capacity, 
coordination and information sharing; and dedicate 5% of the total allowance value to federal, state 
and tribal agencies to implement identified actions needed to conserve natural resources in a 
warming world. 

We appreciate your consideration of this request. 

Sincerely, 

The Undersigned Organizations 
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Narional 

Access Fund 

American Canoe Association 

American Fisheries Society 

American Fly Fishing Trade Association 

American Hiking Society 

American Land Conservancy 

American Rivers 

American Whitewater 

Association for Experiential Education 

Botanic Gardens Conservation International 

Center for Biological Diversity 

Coalition of National Park Service Retirees 

Defenders of Wildlife 

Earthjustice 

Endangered Species Coalition 
International Mountain Bicycling Association 
Izaak Walton League of America 
National Association of State Foresters 
National Audubon Society 
National Parks Conservation Association 
National Tribal Environmental Council 


Organizations 

National Wildlife Federation 

National Wildlife Refuge Association 

Nature Abounds 

NatureServe 

Ocean Conservancy 

Oceana 

Outdoor Alliance 
Outdoor Industry Association 
PRBO Conservation Science 
Restore America’s Estuaries 
Sierra Club 

The Nature Conservancy 
Trust for Public Land 
The Wilderness Society 
The VC^ildlife Society 
Watchabie Wildlife, Inc. 

WaKrkeeper Alliance 

Wildlife Conservation Society 

Wildlife Forever 

Winter Wildlands Alliance 

Xerces Society for Invertebrate Conservation 


1000 Friends of Florida 
Alabama Rivers Alliance 
Alaska Chapter of The Wildlife Society 
Alaska Conservation Alliance 
Alaska Geographic 
Albany Audubon 
Albuquerque Wildlife Federation 
Allegheny Plateau Audubon Society 
Alliance for Sustainability 
Alliance for the Great Lakes 
Amigos Bravos 

Amigos de la Seville^, Scvilleta National Wildlife Refuge 

Animal Protection of New Mexico 

Animal Protection Voters 

Appalachian Mountain Club 

Arborway Coalition 

Arizona Chapter of The Wildlife Society 
Arizona Ecumenical Earth Care Commission 
Arizona Interfaith Power and Light 
Ariz ona Native Plant Society 
Arizona Wilderness Coalition 
Arizona Wildlife Federation 
Arizona Zoological Society 
Arkansas Wildlife Federation 
Arthur R. Marshall Foundation, Arthur R. Marshall 
Loxahatchce National Wildlife Refuge 
Association of Northwest Steelheaders 
Audubon Alaska 


Audubon Arizona 

Audubon Colorado 

Audubon Connecticut 

Audubon Dakota 

Audubon Gulf Coast Initiative 

Audubon Miami Valley 

Audubon Minnesota 

Audubon Missouri 

Audubon Nebraska 

Audubon New Mexico 

Audubon New York 

Audubon North Carolina 

Audubon of Rorida 

Audubon Pennsylvania 

Audubon Society of Forsyth County 

Audubon Society of Northern Virginia 

Audubon Society of Ohio 

Audubon Society of the Capital Region 

Audubon South Carolina 

Audubon Texas 

Audubon Wyoming 

Back Bay Restoration Foundation 

Back Country Coalition in San Diego County 

Badlands Conservation Alliance 

Berkshire Environmental Action Team 

Big Thicket Association 

Biodiversity Conservation Alliance 

Boulder County Audubon Society 


Re gional and Local Organizations 
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Boulder County Nature Association 
Brown County Chapter, Izaak Walton League 
of America 

Buena Vista Audubon Society 

Bush Lake Chapter, Izaak Walton League of America 
BYM Unity With Nature Committee 
Cabeza Prieta Natural History Association, Cabeza 
Prieta National Wildlife Refuge 
Caddo Lake Institute, Inc. 

California Coastal Coalition 
California Native Plant Society 
California Oak Foundation 
California Wildlife Foundation 
Californians for Western Wilderness 
Canton Audubon Society 
Cape Feat Audubon Society 
Cape Feat Friends of Wildlife 
Cape Fear Garden Club 
Center for Native Ecosystems 
Central Mountains & Plains Section of The 
Wildlife Society 

Central New Mexico Audubon Society 
Central New York Chapter, Izaak Walton 
League of America 
Central Oregon Audubon Society 
Central Sierra Audubon Society 
Central Sierra Environmental Resource Center 
Central Texas Audubon Society 
Chapter 692, Trout Unlimited 
Chesapeake Bay Foundation 
Chihuahuan Desert Open Space Committee 
Choctawhatchee Audubon Society 
Citizens Campaign for the Environment 
Citizens Committee to Complete the Don Edwards San 
Francisco Bay National Wildlife Refuge 
Clark Fork Coalition 
Climate Change Conservation Corps 
Clover Valley Foundation 
Coalition foe Sonoran Desert Protect 
Coalition to Restore Coastal Louisiana 
Colorado Chapter of the Wildlife Society 
Colorado Environmental Coalition 
Colorado Wildlife Federation 
Columbia Gorge Refuge Stewards 

Columbus Platte County Izaak Walton League of America 

Connecticut Forest and Park Association 

Connectivity for Wildlife LLC 

Conservation Council for Hawai’i 

Conserve Wildlife Foundation of New Jersey 

Copper River Watershed Project 

Cortland Chapter, Izaak Walton League of America 


Ding Darling Wildlife Society, J.N. “Ding” Darling 
National Wildlife Refuge 
Delaware Audubon Society 
Delaware Chapter of The Nature Conservancy 
Delaware Nature Society 
Delaware River Greenway Partnership 
Delta Chapter, Izaak W'alton Le^pe of America 
Desert Protective Council 
Downcast Audubon 

Dwight Lydell Chapter, Izaak Walton Le^pe 
of iVmerica 

Earth Conservation Corps 

Eldorado Energy Cooperative 

Elisha Mitchell Audubon Society 

Elkhorn Slough Foundation 

Endangered Habitats League 

Environment Council of Rhode Island 

Environmental Advocates of New York 

Environmental and Cultural Conservation O^anization 

Environmental Association of St. Thomas/St.John 

Environmental League of Massachusetts 

Environmental Protection Information Center 

Evansville Audubon Society 

Everglades Foundation 

FAVOR — Friends and Volunteers of the Florida Keys 

Fenton Chapter, Izaak Walton League of America 

Ferdinand Hayden Chapter of Trout Unlimited 

Ficelands Audubon Society 

Five Valleys Audubon 

Florida Chapter of The Wildlife Society 

Florida Renewable Energy Association 

Florida Wildlife Federation 

Flycasters of San Jose 

Food Conspiracy Co-op 

For The Bayou 

Fonlace, Inc. 

Fort Worth Audubon Society 
Four Harbors Audubon Society 
Four Rivers Audubon 
Fox Lake Conservation League 
Freshwater Future 
Friends of Acadia 

Friends of Alaska National Wildlife Refuges 
Friends of Anahuac National Wildlife Refuge 
Friends of Aransas and Matagorda Island National 
Wildlife Refuge 

Friends of Assabet National Wildlife Refuge 
Friends of Black Bayou National Wildlife Refuge 
Friends of Blackwater National Wildlife Refuge 
Friends of Bombay Hook National Wildlife Refuge 
Friends of Bon Secour National Wildlife Rehige 
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Friends of Buenos Aires National Wildlife Refuge 
Friends of Cabeza Prieta 

Friends of Caddo Lake National Wildlife Refuge 
Friends of Cape May National Wldlife Refuge 
Friends of Chassahowitzka National Wildlife Refuge 
Friends of Chickamauga and Chattanooga National 
Military Park 

Friends of Clarks River National Wildlife Refuge 
Friends of Crane Meadows National Wildlife Refuge 
Friends of Deer Flat National Wildlife Refuge 
Friends of Erie National Wildlife Refuge 
Friends of Forsythe National Wildlife Refuge 
Friends of Great Falls Discovery Center/Silvio O. 

Conte National Wildlife Refuge 
Friends of Great Swamp National Wildlife Refuge 
Friends of Hakalau Forest National Wildlife Refuge 
Friends of Harbors, Beaches and Parks, Inc. 

Friends of Haystack Rock, Oregon Islands National 
WildUfe Refuge 

Friends of Heinz Refuge at Tinicum 
Friends of Humboldt Bay National Wildlife Refuge 
Friends of Iriquois National Wildlife Refuge 
Friends of Ironwood Forest 
Friends of Kenai National Wildlife Refuge 
Friends of Laguna Atascosa National Wildlife Refuge 
Friends of Lake Woodruff National Wildlife 
Refuge, Inc. 

Friends of Las Vegas National Wildlife Refuge 
Friends of Ix)uisiana Wildlife Refuges, Inc. 

Friends of Maga Ta-Hophi Waterfowl Production Area 
Friends of Maine Seabird Islands, Maine Coastal Islands 
National Wildlife Refuge 
Friends of Necedah National Wildlife Refuge 
Friends of Nisqually National Wildlife Refuge 
Friends of Noxubee National Wildlife Refuge 
Friends of Patoka Rivet National WildUfe Refuge 
Friends of Patuxent, Patuxent National WildUfe Refuge 
Friends of Pondicherry, Silvio O. Conte National Fish 
and WildUfe Refuges 

Friends of Pool 9, Upper Mississippi River National 
Fish and WildUfe Refuge 
Friends of Prime Hook National WildUfe Refuge 
Friends of Red River National WildUfe Refuge 
Friends of Rock Creek’s Environment 
Friends of Seal Beach National WildUfe Refuge 
Friends of Sherburne National WildUfe Refuge 
Friends of Shiawassee National WildUfe Refuge 
Friends of Squaw Creek National WildUfe Refuge 
Friends of St. Catherine Creek National WildUfe Refuge 
Friends of Sunkhaze Meadows National Wildlife Refuge 
Friends of Supawna Meadows National Wildlife Refuge 


Friends of Swainson’s Hawk 
Friends of Tampa Bay National WildUfe Refuges 
Friends of Tennessee National WildUfe Refuges 
Friends of the 500*, Canaan Valley National 
WildUfe Refuges 

Friends of the Alameda Wildlife Refuge 
Friends of the Arthur R. Marshall Loxahatchee National 
WildUfe Refuge 

FRIENDS of the Blue Ridge Parkway, Inc. 

Friends of the Bosque del Apache National 
WildUfe Refhge 

Friends of the Cahaba River National WildUfe Refuge 
Friends of the Everglades 
Friends of the Florida Panther Refuge 
Friends of the Kofa National WildUfe Refuge 
Friends of the Little Pend Oreille National 
WildUfe Refuge 

Friends of the Lower Suwannee and Cedar Keys 
National WildUfe Refuges 

Friends of the Mid-Columbia River WildUfe Refuges 
Friends of the Minnesota Valley 
Friends of the Missouri Breaks Monument 
Friends of the Montezuma Wetlands Complex, 

Montezuma National Wildlife Refuge 
Friends of the Morris Wetland Management District 
Friends of the National Wildlife Refuges of 
Rhode Island 

Friends of the North Fork and White Rivers 
Friends of the Potomac River Refuges 
Friends of the Prairie Learning Center, Neal Smith 
National WildUfe Refuge 

Friends of the Reach, Hanford Reach National Monument- 
Saddle Mountain National WildUfe Refuge 
Friends of the Ridgefield National WildUfe Refuge 
Friends of the River 

Friends of the San Diego Wildlife Refuges 
Friends of the Savannah Coastal WildUfe Refuges, Inc. 
Friends of the Southwest I-ouisiana National WildUfe 
Refuges and Wedands 

Friends of the Trinity River National WildUfe Refuge 
Friends of the Trinity Strand Trail 
Friends of the Upper Mississippi River Refuges 
Friends of Tualatin Rivet National WildUfe Refuge 
Friends of Wallkill River National WildUfe Refi^ 

Friends of Wertheim Nadonal WildUfe Refuge 
Friends of Wmdom Wetland Management District 
Galveston Bay Foundation 
Gary Borger Trout Unlimited Chapter of 
Notthem Illinois 
Gaviota Coast Conservancy 
Genesee Valley Audubon Society 
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Georgia Council of Trout Unlimited 
Geo^jia River Network 
Georgia Wildlife Federation 
Gila Resources Information Project 
Go Green TuUahoma 
Gold Country Fly Fishers 
Golden Gate Audubon Society 
Golden Gate Raptor Observatory 
Grand Canyon Wildlands Council 
Great Dismal Swamp Coalition, Great Dismal Swamp 
National Wildlife Refuge 
Great Harbor Watershed Association 
Great Lakes Committee, Izaak Walton League 
of America 

Great Lakes Council of the Federation of Fly Fishers 

Great Lakes Environmental Law Center 

Great Old Broads for Wilderness 

Great Salt Lake Audubon 

Great South Bay Audubon Society 

Greater Mohican Audubon Society 

Green Faith Alliance 

Greenspace — The Cambria Land Trust 

Gulf Restoration Network 

Habitat and Wildlife Keepers 

Hellgate Hunters and Anglers 

High Country Citizens’ Alliance 

Highlands Coalition 

Highlands Plateau Audubon Society 

Hills for Everyone 

Hilton Head Audubon Society 

HOMES 

Houston Audubon 
Hudson Highlands Land Trust 
Hundngton Audubon Society 
Huron River Watershed Council 
Idaho Rivers United 
Illinois Council of Trout Unlimited 
Indiana Wildlife Federation 
Iowa Wildlife Federation 

Izaak Walton League of America, Berks County Chapter 
Izaak Walton league of America, Brownsville 
Area Chapter 

Izaak Walton League of America, Cumberland 
Valley Chapter 

Izaak Walton League of America, Fairmount 
Springs Chapter 

Izaak Walton League of America, Franklin County Chapter 
Izaak Walton League of America, Harry Ensttom Chapter 
Izaak Walton League of America, John Harris Chapter 
Izaak Walton league of America, Lancaster Red 
Rose Chapter 


Izaak Walton League of America, Lebanon County 
Chapter 

Izaak Walton League of America, Oil City Chapter 
Izaak Walton League of America, Pennsylvania Division 
Izaak Walton League of America, Uniontown Chapter 
Izaak Walton League of America, York County Chapter 
Jackson Audubon 

Jackson-Macon Conservation Alliance 

Johnston Co. W^ildlife Association 

Juniata Valley Audubon 

Kalamazoo River Sturgeon for Tomorrow 

Kalmiopsis Audubon Society 

Kansas Chapter of The Wildlife Society 

Kentucky Chapter of The Wildlife Society 

Kentucky Resources Council 

Kern Audubon Society 

Keystone Conservation 

Kilauea Point Natural History Association, Kilauea 
Point National Wildlife Refuge 
Kilowatt Ours 

Kitchen Table Climate Study Group 

Klamath Forest Alliance 

Kodiak Audubon 

La Purisima Audubon Society 

LaBarque Watershed Stream Team Association 

Ladies in the Stream 

Lake Erie- Allegheny Earth Force 

I^e Erie Islands Chapter, Black Swamp Conservancy 

Lake Erie Region Conservancy 

League of Ohio Sportsmen 

Lehigh Valley Audubon Society 

Life Net Nature 

Low Intact Wildlife Photography 

Mackinac Bands of Ottawa and Chippewa Indians 

Madison Audubon Society 

Madrono Audubon Society 

Maine Audubon 

Malheur Wildlife Associates, Malheur National 
WUdlife Rehige 
MansBeld Outdoor Club 
Martin County Conservation Alliance 
Maryland/Deiaware Chapter of The Wildlife Society 
Mary’s Peak Chapter, Izaak Walton League of America 
Maui Forest Bird Recovery Project 
Meadowlark Audubon Society 
Members of Mission Peak Fly Anglers 
Mesilla Valley Audubon Society 
Michigan Audubon 
Michigan Energy Alternatives Project 
Michigan Environmental Council 
Middle Nolichucky Watershed Alliance 
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Midwest Environmental Advocates 
Minnesota Chapter of The Wildlife Society 
Minnesota Conservation Federation 
Minnesota Division, Izaak Walton League of America 
Mississippi Chapter of The Wildlife Society 
Mississippi River Wild, Upper Mississippi River 
National Fish and Wildlife Refuge 
Missouri Smallmouth Alliance 
Missouri Stream Team 2991 
Missouri Votes Conservation 
Mobile Bay Audubon Society 
Mofave Desert Bird Club 

Mon Valley Ladies Chapter, Izaak Walton League 
of America 

Monmouth County Audubon 

Monroe County Federation of Sportsmen’s Clubs 

Montana Audubon 

Montana Rivers 

Monterey Coastkeeper 

Musicians United to Sustain the Environment 
Muskingum Watershed Conservancy District 
Native Fish Society 
Natural Resources Council of Maine 
Nebraska Birding Trails 
Nebraska Chapter of The Wildlife Society 
Nebraska Rural Living 
Nebraska Wildlife Federation 
Nevada Wildlife Federation 
New England Chapter of The Wildlife Society 
New Hope Audubon Society 
New Jersey Audubon Society 
New Jersey Chapter of The Wildlife Society 
New Jersey State Federation of Sportsmen’s Clubs 
New Mexico Audubon Council 
New Mexico Chapter of The Wildlife Society 
New Mexico Wildlife Federation 
New York Chapter of The Wildlife Society 
New York State Trappers Association 
North Carolina Chapter of The Wildlife Society 
North Carolina Coastal Federadon 
North Carolina Trout Unlimited State Council 
North Carolina Wildlife Federadon 
North Carolina Wildlife Federadon, Central Chapter 
North Carolina Wildlife Federadon, Mountain 
Island Chapter 

North Central Washington Audubon Society 
North Country Trail Associadon 
North Dakota Natural Resources Trust 
North Dakota Wildlife Federadon 
North Fork Audubon Society 
Northeast Arkansas Flyfishers 


Northeast Wilderness Trust 

Northern California Council, Federadon of Fly Fishers 

Northern California River Watch 

Northern Catskills Audubon Society 

Northern Forest Alliance 

Northern Jaguar Project 

Northern Neck of Virginia Audubon Society 

Northwest Guides and Anglers Associadon 

Northwest Section of The Wildlife Society 

Oblong Land Conservancy 

Ocean Revolution 

Ohio Bass Federadon 

Ohio Division, Izaak Walton League of America 
Ohio Game Fishing, LLC 

Okefenokee Wildlife League, Inc., Okefenokee National 
Wildlife Refuge 

Oklawaha Valley Audubon Society, Inc. 

Oktibbeha Audubon Society 
Oregon Division, Izaak Walton League of America 
Oregon Natural Desert Associadon 
Organization for Bat Conservation 
Organization for Wildlife and Land Stewardship 
Oro Valley Neigjiborhood Coalition 
Ozark Fly Fishers 
PACT in the High Country 
Palomar Audubon Society 
Palos Verdes/South Bay Audubon Society 
Panhandle Conservation Council 
Pannership for Eanh Spirituality 
Payne County Audubon Society 
Pelican Island Preservation Society, Pelican Island 
National Wildlife Refuge 
PennFuture 
Penns Creek Guides 

Pennsylvania Chapter of The Wildlife Society 

Pennsylvania Interfaith Climate Change Campa^ 

People for Land and Neighborhoods 

People for Puget Sound 

Pike County Federation of Sportsmen’s Clubs 

Planning and Conservation League 

Plumas Audubon Society 

Pomona Valley Audubon Society 

Pomperaug River Watershed Coalition 

Portneuf Valley Audubon Society 

Prairie Rivers Network 

Primate Conservation, Inc. 

Primitive Living Skills of Texas 
Pulaski Chapter of the Ozark Society 
Quiet Use Coalition 

Rappahannock Wildlife Refuge Friends Group 
RE Sources for Sustainable Communities 
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Red Rock Forests 

Redwood Empire Chapter, Trout Unlimited 
Redwood Region Audubon Society 

Refuge, Friends Inc, Minnesota Valley National 
Wildlife Refuge 

Religious Coalition for the Great Lakes 
Renewable Resources Coalition 
Respect the Snake 
Restoring Eden 

Richland Creek Watershed Allian ce 
Richmond Audubon Society 
River Ridge EE Program 
River Source, Inc. 

Rocky Mountain Flycasters 
Rocky Mountain Recreation Initiative 
Rogue Valley Audubon Society 
RW Parkinson Consulting, Inc. 

Sacramento-Shasta Chapter of The Wildlife Society 
San Bernardino Valley Audubon Society 
San Diego Audubon Society 

San Francisco Bay Area Chapter of The Wildlife Society 

San Joaquin Raptor/Wildlife Rescue Center 

San Joaquin Valley Conservancy 

San Juan Citizens Alliance 

San Luis Valley Ecosystem Council 

Sangre de Cristo Audubon Society 

Santa Barbara Audubon Society 

Save the Bay 

Save the Manatee Club 

Save Our Shores 

SCENIC GALVESTON, Inc. 

Scenic Hudson 

Scioto Valley Bird and Nature Club 

Sea and Sage Audubon Society 

Sensible Management of Aquatic Resources Team 

Sequoia Audubon Society 

Sheep Mountain Alliance 

Sierra Nevada Alliance 

Silverton Chapter, Izaak Walton League of America 

Sisters of St. Francis of Assisi 

Sisters of St. Joseph of Rochester 

Sky Island Alliance 

Snook Foundation 

South Carolina Nature-Based Tourism Association 

South Carolina Vt^dlife Federation 

South Dakota Izaak Walton Lc^;ue 

South Dakota Wildlife Federation 

South Florida Audubon Society 

Southern Appalachian Forest Coalition 


Southern Arizona Coalition on the Environment and 
Jewish Life 

Southern Utah Wilderness Allian ce 
Southsuie Presbyterian, Tucson 
Southwest Environmental Center 
Southwestern Biological Institute 
Southwestern Herpetologist Society 
Space Coast Climate Change Initiative 
Spokane Riverkeeper 
St. Cloud Area Green Party 
St. Louis Audubon Society 
St. Lucie Audubon Society 
St. Marks Refuge Association 
St. Petersburg Audubon Society 
Steve Vrooman Restoration Ecology 
Stewards of the Upper Mississippi River Refuge, 
Savannah District 

Stone Lakes National Wildlife Refi^ Association 
Student Conservation Association 
Sustainable Conservation 
SWT Cattle, LLC 

Talbot Rivers Protection Association 
Talking Federation 

Tamarac Interpretive Association, Tamarac National 
Wildlife Refuge 
Tampa Audubon Society 
Technicians for Sustainability 
Tennessee Clean Water Network 
Tennessee Environmental Council 
Tennessee Interfaith Power & Light 
Tennessee Ornithological Society 
Tennessee Parks and Greenways Foundation 
Texas Black Bass Unlimited 
Texas Chapter of The Wildlife Society 
Texas Conservation Alliance 
The Chewonki Foundation 
The Conservancy for the Parthenon 
The Friends of Rachel Carson National Wildlife Refuge 
The Friends of Valley Forge Park 
'ITie Green Center 

The Land Trust for the Little Tennessee 
The Lands Council 

The Open Space Council for the St. Louis Region 
The Otter Project 
The Wildlife Center 

TICACTOVE, Inc., Vieques National Wildlife Refuge 

Tierra Vista Tours & Consulting 

Tip of the Mitt Watershed Council 

Tom Balz Fly Fishing 

Travis Audubon 

Trout Unlimited, Arrowhead Chapter 
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Trout Unlimited, Chestnut Ridge Chapter 
Trout Unlimited, Gold Rush Chapter 
Tucson Audubon 
Twirl Images 

Upper Chattahoochee Riverkeeper 
Vermont Natural Resources Council 
Virgin Islands Conservadon Society 
Virginia Chapter of The Wildlife Society 
Virginia Conservadon Network 
Virginia Native Plant Society 
Voices for the Earth 
Vote the Coast 

Voyageurs National Park Association 
Wagner Conservation Coalition 
Wasatch Audubon 

Washington Council of Trout Unlimited 
Washington Wildlife Federation 
Washington’s National Park Fund 
Watershed Alliance of Adams County 
Weatherby’s Resort 

West Virginia Division, Izaak Walton League 
of America 

West Volusia Audubon Society 
Western Environmental Law Center 


Western Lake Erie Waterkeeper Association 

Western Nebraska Resources Council 

Western Resource Advocates 

Western Watersheds Project 

Western Wildlife Conservancy 

Wheeler Wildlife Refuge Association 

White River Conservancy 

Wild Bird Habitat Stores of Nebraska 

WildEarth Guardians 

\)C^d Farm Alliance 

VC^d South 

Vl^demess Workshop 

Wildlands Network 

\)Clldiife Alliance of Maine 

Wisconsin Audubon Council 

Wisconsin Metro Audubon Society 

Wisconsin Wildlife Federation 

Wray-Todd Ranch, LLC 

Wrightsville Beach Sea Turtle Project 

Yell County Wildlife Federation 

Zoology Club at Ohio State University 
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American Fisheries Society * American Fly Fishing Trade Association * American 
Sportfishing Association * Association of Fish and Wildlife Agencies * Berkley 
Conservation Institute * Campfire Club * Dallas Safari Club * Ducks Unlimited * Houston 
Safari Club * Izaak Walton League of America * Mule Deer Foundation * National 
Trappers Association * National Wildlife Federation * Pheasants Forever * Quality Deer 
Management Association * The Wildlife Society * Theodore Roosevelt Conservation 
Partnership *Trout Unlimited * Wildlife Forever * Wildlife Management institute 


September 21 , 2009 


Dear Senator, 

On behalf of the millions of organized sportsmen and women and conservation 
professionals from across the country, we urge you to work with your colleagues to 
ensure that the Senate passes comprehensive climate and energy legislation this year. 
In order to safeguard fish, wildlife, and their habitats which also provide for ecosystems 
services and quality of life for our citizens, we urge that legislation must include both 
reductions of greenhouse gas emissions and dedication of an adequate and appropriate 
amount of the total carbon allowance value for natural resources adaptation programs at 
the federal and state levels. 

Hunting, fishing, and wildlife related recreation generate more than $172 billion annually 
in economic activity at the state and local level, which equates to 1% of the gross 
domestic product. Climate change poses an immediate and profound threat to fish and 
wildlife, and the healthy natural systems that provide us with clean drinking water, flood 
protection, food, medicine, timber, biomass, recreational opportunities, scenic beauty, 
jobs, and numerous other services. Given these threats, climate legislation must both 
reduce greenhouse gas emissions and invest in our natural resources so that they will 
continue to provide substantial social and economic benefits for generations. State, 
federal, and tribal fish, wildlife and land managers are critically short of funding needed 
to effectively respond to the combination of these challenges to help safeguard our 
natural resources in a changing climate. The adaptation effort will be substantial, and 
adequate resources are necessary in order to be successful. 

Our federal public lands are more important than ever in maintaining sustainable 
ecosystems that deliver services to our citizens, reduce carbon in the atmosphere 
through sequestration, and maintain viable populations of fish and wildlife with 
associated quality hunting and fishing opportunities. Public lands also provide crucial 
habitat linkages and connective migration corridors for fish and wildlife and their 
management should be directed towards climate change adaptation by the federal land 
management agencies. 

The state fish and wildlife management agencies and the federal land management, 
natural resources management, and agriculture agencies will be critical components in a 
viable national climate change strategy and should receive dedicated funding to 
implement natural resource adaptation measures and strategies to remediate the effects 
of climate change on fish, wildlife and their habitats. It is equally important that these 
agencies engage the private farm, ranch, and forest landowners with technical 
assistance and financial incentives to reduce emissions and sequester carbon on their 
lands. In fact, it will be critical to ensure that management of state, federal, tribal, and 
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private forests is conducted in a manner that maximizes their resiliency to climate 
change and reduces the future likelihood of intense frres that can put enormous 
quantities of carbon dioxide into the atmosphere when released from trees and soils. 

We need not create new state or federal bureaucracies to receive and administer funds 
for natural resources adaptation to be implemented consistent with national and state 
adaptation strategies to be developed under the provisions of a comprehensive climate 
and energy bill. Existing programs such as the Wildlife Restoration Act. Sportfish 
Restoration Act, Coastal Management Act of 1972, and Land and Water Conservation 
Fund of 1965 already have established procedures, rules, and accounts capable of 
getting money to the agencies efficiently. Further, a USDA administered offset program 
would encourage farmers and landowners to implement carbon sequestration activities 
through land management and conservation programs. For example, the restoration of 
grasslands and protection of native prairie will sequester tons of carbon on private lands 
while greatly enhancing nesting habitat for vi/aterfowl and other grassland nesting birds. 
This approach of protecting, reconnecting, and restoring landscapes will have significant 
benefits for human communities. Protecting high elevation drinking water supplies will 
reduce water filtration costs. Reconnecting rivers to floodplains will reduce downstream 
flooding costs. Restoration activities such as thinning unnaturally dense forest stands 
near communities will provide high paying, family-wage jobs while insulating 
communities from the effects of intense wildfires. Use of this harvested cellulosic 
biomass can also enhance our reliance on renewable energy, thus further reducing 
carbon emissions. 

As the Senate develops comprehensive climate and energy legislation, your leadership 
is needed to get the job done this year. Please ensure that the climate legislation you 
consider in the Senate both reduces greenhouse gas emissions and safeguards natural 
resources, fish, wildlife and our own communities threatened by the changes already set 
in motion by changing climate effects. Specifically, any Senate bill should establish a 
national policy framework to help protect, reconnect, and restore public and private 
lands; provide increased scientific capacity; identification of wildlife migration corridors; 
coordination and iriformation sharing; and dedicate an adequate amount of the total 
allowance value to federal, state and tribal agencies to implement identified actions 
needed to conserve natural resources in a climate change bill. We are appreciative of 
the natural resource adaptation funding levels in the House-passed bill, and urge you to 
increase those funding levels if at all possible. We further acknowledge the advocacy of 
other sportsmen’s groups for consideration of the need for and role of other low-carbon 
based energy sources in a comprehensive climate and clean energy bill. 


Thank you for your consideration of this most important issue. 
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'We write to you to convey our sense of urgency. Global 
warming is already causing serious damage and disruptions 
to wildlife and ecosystems, and reliable projections call for 
significant additional damage and disruptions. To fulfill the 
nations longstanding commitment to conserving abundant 
wildlife and healthy ecosystems for future generations, 
Congress must craft legislation that greatly reduces 
greenhouse gas pollution and generates substantial dedicated 
funding to protect and restore wildlife and ecosystems 
harmed by global warming. ” 

— 612 Scientific Experts Concerned About Global Warming and 
Its Effect on Wildlife and Natural Resources, including 


Thomas Lovejoy, Ph.D. 

The H. John Heinz III Center for Science, 
Economics and the Environment 

Edward 0. Wilson, Ph.D. 

Harvard University 

Stuart L. Pimm, Ph.D. 

Duke University 

Paul R. Ehrlich, Ph.D. 

Stanford University 

Dennis D. Murphy, Ph.D. 

University of Nevada, Reno 


Reed F. Noss, Ph.D. 
University of Central Florida 

Peter H. Raven, Ph.D. 

Missouri Botanical Garden 

Barry R. Noon, Ph.D. 
Colorado State University 

Terry L. Root, Ph.D. 

Stanford University 

Camille Parmesan, Ph.D. 
University of Texas, Austin 
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February, 2008 


A Letter from More Than 600 Scientists to the United States Congress 
Requesting Adequate Funding to Address the Threats to Wildlife 
Posed by Global Warming 

Dear Members of Congress, 


The undersigned signatories are leading researchers and practitioners from the various disciplines of 
biological science. We understand that Congress is currently considering a number of proposals to reduce U.S. 
emissions of greenhouse gases (GHGs) and thereby confront global warming. We applaud this effort. Global 
warming represents, by far, the greatest threat ever posed to the planet’s living resources, which provide the 
foundation for our economy and our quality of life. We write to you to convey our sense of urgency. Global 
warming is already causing serious damage and disruptions to wildlife and ecosystems, and reliable projections call 
for significant additional damage and disruptions. To fulfill the nation’s longstanding commitment to conserving 
abundant wildlife and healthy ecosystems for future generations. Congress must craft legislation that greatly 
reduces GHG pollution and generates substantial dedicated funding to protect and restore wildlife and ecosystems 
harmed by global warming. 

The following examples of damage and disruptions to wildlife and ecosystems caused by GHG pollution 
and global warming are among the most noteworthy: 

• Melting polar ice caps 

• Thawing permafrost 

• Acidification of the oceans 

• Sea level rise 

• Intensified storms 

• Warming of rivers, streams, lakes and estuaries 

• Declining snowpack on mountains and earlier runoff 

• Drought 

• Catastrophic fires 

• Pest infestations 

• Spreading pathogens and invasive species 

• Changes in phenology (seasonal events) and distributions of wildlife populations, separating predators from 
prey and otherwise disrupting ecological communities. 

Each of these disturbances to ecosystems, by itself, poses a serious threat of extinction to numerous plant 
and animal species. Yet none happens in isolation from the other forces that also imperil species, such as habitat 
destruction and fragmentation, the spread of invasive species and unsustainable harvest of resources for human 
consumption. Global warming combines with each of these non-climatic factors to place enormous stress on the 
planet’s biological wealth. 
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If provided with sufficient funding, managers of wildlife, land and water have a number of tools at their 
disposal to ameliorate threats to ecosystems and to avert mass extinctions. Feasible actions include: 

• Maintaining healthy, connected, genetically diverse populations. Small isolated populations are more prone 
to local extirpations than larger, more widespread populations. Although managers already encourage 
healthy populations, global warming increases the importance of this goal and will likely require 
adiustments in population targets and in the design of habitat corridors. 

• Reducing non-climate stressors on ecosystems. Reducing other human-induced stressors such as toxic 

" pollution and habitat loss will minimize negative synergistic impacts with global warming and increase the 
resiliency of habitats and species to the effects of climate change and variability. 

• Preventing and controlling invasive species. Rapidly changing climates and habitats may increase 
opportunities for invasive species to spread. Extensive monitoring and control will be necessary to limit the 
negative impacts of invasive species. 

• Reducing the risi{ of catastrophic fires. Global warming could lead to more frequent fires and/or a greater 
probability of catastrophic fires. Managers can use prescribed fires and other techniques to reduce fuel load 
and the potential for catastrophic fires. 

• Protecting coastal wetlands and accommodating sea level rise. Managers can defend against the negative 
impacts associated with sea level rise through conservation easements and the acquisition of inland buffer 
zones to provide an opportunity for wildlife to migrate inland. 

• Adjusting yield and harvest models. As fish and wildlife populations respond both directly and indirectly 
to climate through changes in habitats, their productivity and sustainability may increase or decrease. 
Managers may need to adapt yield and harvest regulations both in anticipation and response to these 
changes. 

• Considering global warming models as well as historical data when malting projections. Managers must 
be aware that historical climate, habitat and wildlife conditions are not indicative of future conditions. 
Projections and planning should take into account expected changes in climate. 

• Employing monitoring and adaptive management. Due to uncertainty concerning global warming, 
wildlife managers must anticipate the impacts to wildlife and use monitoring data to quickly adjust 
management techniques and strategies. Traditional, long-practiced methods and strategies will not be as 
effective as conditions change. 

• Identifying new opportunities. Managers must be ready to anticipate and take advantage of new 
opportunities. For example, if climatic conditions leave existing agricultural areas unusable for agriculture, 
they could become important wildlife conservation areas with the appropriate agency and landowner 
collaboration. 

Each of these essential steps comes with a price tag. Inevitably, managers of the nation’s wildlife, land and 
water resources will need billions of dollars annually to develop and implement science-based strategies for 
conserving wildlife and ecosystems threatened by global warming. To make this conservation work feasible, 
Congress should ensure that substantial revenues generated hy any climate change legislation be dedicated to 
conserving the wildlife and ecosystems that would otherwise be lost or badly degraded by global warming. 

We thank you for your consideration of this urgent matter. 
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Signatories to the Letter from Scientists to the U.S. Congress 
Requesting Adequate Funding for Wildlife and Ecosystems Threatened by Global Warming 

ALABAMA - Steffen Oppel, M.S. 

Fairbanks, AK 

Michael Barbour, M.S. UAF, Deptartment of Biology and Wildlife 

GIS Analyst 

Montgomery, AL ARIZONA 


Steve Kimble, M.S. 

Graduate Student 
Birmingham, AL 

University of Alabama at Birmingham, Biology 

Todd Fearer, Ph.D. 

Assistant Professor 
Monticello, AR 


Ale Wilson, D.V.M. 

Veterinarian 
Mesa, AZ 

Michael McConnell, M.S. 

Tempe, AZ 

Arizona State University, Center for Bioenergy 
and Photosynthesis 


ALASKA 


Rick Steiner, M.S. - Fisheries 
Professor, Marine Conservation Specialist 
Anchorage, AK 

John Schoen, Ph.D. 

Senior Scientist 
Anchorage, AK 
Audubon Alaska 

F. Stuart Chapin, III, Ph.D. 

Professor 
Fairbanks, AK 

John Coady, Ph.D. 

Regional Wildlife Supervisor, retired 
Fairbanks, AK 

Kimbedy Klein, M.S. 

Habitat Biologist 
Anchorage, AK 

State of Alaska, Department of Fish and Game 

Kyle Joly, M.S. 

Wildlife Biologist 
Fairbanks, AK 

Mary Bishop, Ph.D. 

Research Ecologist 
Cordova, AK 

Prince William Sound Science Center 


Manuela Gonzalez, M.S. 

Tempe, AZ 

Arizona State University 

Neil Cobb, Ph.D. 

Director 
Flagstaff, AZ 

Daniel Patterson, B.S. 

Ecologist 
Tucson, AZ 

Public Employees for Environmental 
Responsibility, Southwest Office 

Paul Beier, Ph.D. 

Professor 
Flagstaff, AZ 

Northern Arizona University, School of Forestry 

Rachel Davies, M.S, 

Phoenix, AZ 

Arizona State University, School of Life Sciences 

Laura Taylor-Taft, M.S., Ph.D. Candidate 
Research Associate 
Chandler, AZ 

Arizona State University, School of Life Sciences 

Kevin McCluney, B.S. 

Tempe. AZ 

Arizona State University, School of Life Sciences 
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Signatories to the letter from Scientists to the U.S. Congress 
Requesting Adequate Funding for Wildlife and Ecosystems Threatened by Globa! Warming 


Roxanne Rios, M.S. 

Graduate Student 
Phoenix, AZ 

Arizona State University, School of Life Sciences 

Sarah Hurteau, M.S. 

Senior Research Specialist 
Flagstaff, AZ 

Northern Arizona University, Environmental 
Sciences & Education 

Shannon DiNapoli, M.S. 

Gilbert, AZ 

Arizona State University 

Jennifer Riddell, B.S., M.S. 

Tempe, AZ 

Arizona State University, School of Life Sciences 

Stefan Sommer, Ph.D. 

Research Asst. Professor 
Flagstaff, AZ 

Northern Arizona University, Merriam-Powell 
Center for Environmental Research 

Richard Brusca, Ph.D. 

Executive Director 
Tucson, AZ 

Thomas Fieischner, Ph.D. 

Professor of Environmental Studies 
Prescott, AZ 

Prescott College, Environmental Studies 
Program 

Vicki Moore, M.S., Ph.D. Candidate 
Tempe, AZ 

Arizona State University, School of Life Sciences 

William Bridgeland, M.S. 

Ph.D. Candidate 
Flagstaff, AZ 

Northern Arizona University, Forestry 


CALIFORNIA 


Rachel Adams, B.S. 

Palo Alto, CA 

Stanford University, Biological Sciences 

Melissa Pitkin, M.S, 

Education and Outreach Director 
Bolinas, CA 

Maxine Zylberberg, M.S., Ph.D. Candidate 
Davis, CA 

Pete Epanchin, Ph.D. Candidate 
Davis, CA 
UC Davis, Ecology 

Peter Bowler, Ph.D. 

Senior Lecturer 
Irvine, CA 

University of California, Irvine, Ecology and 
Evolutionary Biology 

Christine Howell, Ph.D. 

Senior Conservation Scientist 
Petaluma, CA 

PRBO Conservation Science, Terrestrial Ecology 
Division 

Christopher Martin, B.S. 

Davis, CA 

University of California, Davis, Population 
Biology 

Mark Nott, Ph.D. 

MAPS Co-Program Director 
Point Reyes Station, CA 

Mana Hattori, B.S. 

Davis, CA 

Leslie Abramson, M.E.S.M. 

Master's Candidate, USCG Captain 
Goleta, CA 

UCSB, Environmental Science and Management 
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Susie Bennett, B.S., B.A. 

Wildlife Monitor 
San Francisco, CA 

Daniei Anderson, Ph.D, 

Professor, Research Biologist 
Davis, CA 

University of California, Wildlife, Fish, & 
Conservation Biology 

Michelle Early, M.S. 

Masters in Biology Graduate Student 
Loomis, CA 

Laura Prugh, Ph.D. 

Berkeley, CA 

UC Berkeley, Department of Environmental 
Science, Policy and Management 

Leonardo Salas, Ph.D. 

Petaluma, CA 

Ramona Butz, Ph.D. 

Postdoctoral Researcher 
Merced, CA 

University of California, Merced, School of 
Natural Sciences 

Laura Grant, M.S. 

Goleta, CA 

University of California, Santa Barbara 

Candan Soykan, Ph.D. 

Postdoctoral Research Associate 
San Diego, CA 

Annie Schmidt, Ph.D. Candidate 
Tuolumne, CA 

Rebe Feraldi, M.S. 

Graduate Student 
Santa Barbara, CA 

University of California, Santa Barbara, Bren 
School 


Rebecca Nielt, M.S., Ph.D. Candidate 

Researcher 

Davis, CA 

University of California, Davis, Agricultural & 
Resource Economics 

A. Cole Burton, M.S., Ph.D. Candidate 
Berkeley, CA 

University of California, Berkeley, Environmental 
Science, Policy and Management 

Kristine Falcon, M.S. Canditate 
Santa Barbara, CA 

University of California at Santa Barbara, 
Environmental Science and Management 

William Bums, Ph.D. 

Co-Chair, International Environmental Law 
El Cerrito, CA 

American Society of international Law 

Morgan Tingley, M.S.c., Ph.D. Candidate 
Berkeley, CA 

UC Berkeley, Environmental Science, Policy and 
Management 

Aaron Corcoran, M.S. 

Areata, CA 

Humboldt State University, Biology 

Adam Smith, Ph.D. Candidate 
Berkeley, CA 

University of California, Berkeley, Energy and 
Resources Group 

Michael Wasserman, B.S., B.A., Ph.D. 

Candidate 
Berkeley, CA 

University of Califomia-Berkeley, Environmental 
Science, Policy & Management 

April Burton, Ph.D. Candidate 
Davis, CA 

Allen Fish, B.S. 

Observatory Director 
Sausalito, CA 

Golden Gate Raptor Observatory 
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Signatories to the Letter from Scientists to the U.S, Congress 
Requesting Adequate Funding for Wildlife and Ecosystems Threatened by Global Warming 


Melissa Whitaker, B.A., Ph.D. Candidate 
Davis, CA 

DC Davis, Geography 

Anton Seimon, Ph.D. 

Assistant Director 
Bronx, CA 

Wildlife Conservation Society, Latin America and 
Caribbean Program 

Barbara Clucas, Ph.D. Candidate 
Esparto, CA 

University of California, Davis, Animai Behavior 
Graduate Group 

Mary Poffenroth, M.S. 

Instructor 
Fremont, CA 

San Jose State University, Bioiogy 

Sean Smukler, M.S., Ph.D, Candidate 
Davis, CA 

Charles Goldman, Ph.D. 

Distinguished Professor of Limnology 
Davis, CA 

University of California, Environmentai Science 
and Poiicy 

Cascade Bracken Sorte, M.A. 

Ph.D. Candidate 
Bodega Bay, CA 

University of Caiifornia, Davis, Evoiution and 
Ecology 

Michael Napolitano, M.S. 

Oakland, CA 

Rodney Siegel, Ph.D. 

Research Scientist 
Point Reyes Station, CA 

Charles Aker, Ph.D. 

Director 
Palo Alto, CA 

National Autonomous University Nicaragua, 
Center for Forest Research 


Brant Schumaker, D.V.M., M.P.V.M. 

Davis, CA 

Marcel Holyoak, Ph.D. 

Professor 
Davis, CA 

University of Caiifornia at Davis, Environmental 
Science and Policy 

Marc Meyer, Ph.D. 

Wildlife Ecologist 
Wawona, CA 

Sierra Nevada Research Institute, Wawona Field 
Station 

Patrick Chain, M.S., Ph.D. Candidate 
Biomedical Scientist 
Livermore, CA 

Patrick Jantz, Ph D. Candidate 
Graduate Student Researcher 
Goleta, CA 

William Lidicker, Ph.D, 

Professor of Integrative Biology Emeritus 
Berkeley, CA 

University of California, Berkeley, Museum of 
Vertebrate Zoology 

Monica Bueno, M.S. 

Ecologist 
McKinleyville, CA 

Kavita Heyn, M.E.S.M. 

Santa Barbara, CA 

Cagan Sekercioglu, Ph.D. 

Senior Research Scientist 
Stanford, CA 

Stanford University, Biological Sciences 

Steve Kohimann, Ph.D. 

Certified Wildlife Biologist 

Castro Valley, CA 

Tierra Resource Management 
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Signatories to the Letter from Scientists to the U.S. Congress 
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Joseph Cech, Jr., Ph.D. 

Professor Emeritus 
Davis, CA 

University of California, Davis, Wildlife, Fish, and 
Conservation Biology 

Kurt Vaughn, Ph.D. Student 
Davis, CA 

University of California, Davis 

Erika Marin-Spiotta, Ph.D. 

Postdoctoral Researcher 
El Cerrito, CA 

Eric Von Wettberg, Ph.D. 

Davis, CA 

Theresa Nogeire, M.S., Ph.D. Candidate 
University of California, Environmental Science 
and Management 

Jeff Price, Ph.D, 

Professor 
Chico. CA 

California State University, Chico, Geological and 
Environmental Sciences 

Jennifer Burt, M.S,, Ph.D. Candidate 
Davis, CA 

University of California, Davis, Plant Sciences 

Jonah Busch, M.A.. Ph.D. Candidate 
Santa Barbara, CA 

University of California. Santa Barbara, 
Environmental Science and Management 

Elaine French, Ph.D. 

Wrxrdside, CA 

Donna Carr, M.D., M.D. 

Encinitas, CA 

David DeSante, Ph.D. 

Executive Director 

Point Reyes Sation, CA 

The Institute for Bird Populations 


Jenny McGuire, M.S., Ph.D. Candidate 
Berkeley, CA 

Museum of Vertebrate Zoology, Department of 
Integrative Biology 

Fraser Shilling, Ph.D. 

Davis, CA 

Jeremiah Mann, M.S. 

Gradaute Student Researcher 
Davis, CA 

University of California, Plant Sciences 

Jessica Pratt, M.S. 

Lecturer 
Irvine, CA 
UC-Irvine 

Jessica Monserrate, Ph.D. 

Irvine, CA 

University of California, Irvine, Developmental 
and Cell Biology 

Daniel Hernandez, Ph.D. 

Postdoctoral Researcher 
Santa Cruz, CA 

T. Luke George, Ph.D, 

Professor 
Areata, CA 

Humboldt State University, Department of 
Wildlife 

T. Rodd Kelsey, Ph D. Candidate 

Ecologist 

Winters, CA 

Audubon California, Landowner Stewardship 
Program 

Colleen Lenihan, Ph.D. 

Mill Valley, CA 

Alisha Dahlstrom, B.S. 

San Francisco, CA 

Clare Aslan, B.S., Ph.D. Candidate 
Sacramento, CA 
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Tanya Diamond, M.S. Candidate 
Cupertino, CA 

San Jose State University, Biology 

Christy Bowles, B.S., Ph.D. Candidate 
Bodega Bay, CA 

Jennifer Hunter, M.S. 

Sacramento, CA 

University of California, Davis, Wildlife Fish and 
Conservation Biology 

James Gilardi, Ph.D. 

Director 
Davis, CA 
World Parrot Trust 

Erik Runquist, B.S., Ph.D. Candidate 
Davis, CA 

University of California, Davis, Evolution and 
Ecology 

Floyd Hayes, Ph.D. 

Professor of Biology 
Hidden Valley Lake, CA 
Pacific Union College, Biology 

Rick MacPherson, M.S. 

Program Director 
San Francisco, CA 

Coral Reef Alliance, Conservation Programs 

Joshua Israel, Ph.D. 

Davis, CA 

Anne Meckstroth, M.S. 

Ecologist 
Davis, CA 

Christine Klinkowski, M.S., GIS certificate 

Candidate 

Wildlife Biologist 

Burlingame, CA 

Jerl Miller, M.S. 

Redondo Beach, CA 


Gretchen North, Ph.D. 

Associate Professor 
Valley Village, CA 
Occidental College, Biology 

Henri Folse, M.A., Ph.D. Candidate 
East Palo Alto, CA 
Stanford, Biological Sciences 

Jennifer Jeffers, Ph.D. Candidate 
Oakland, CA 

S. Elizabeth Alter, M.S. 

Pacific Grove, CA 

Stanford University, Biological Sciences 

Erin Meyer, B.S., Ph.D. Candidate 
M.S. 

Berkeley, CA 

Jeffrey Goldman, Ph.D, 

Director of Program Development 
Los Angeles, CA 

Sarah Benson-Amram, Ph.D. Candidate 
Berkeley, CA 

Michigan State University, Zoology 

Hartwell Welsh, Ph.D. 

Research Wildlife Biologist 
Areata, CA 

Jeanine Pfeiffer, Ph.D, 

Davis, CA 

UC Davis, Science and Society Program 

Sara Krause, Ph.D. Candidate 
Davis, CA 

University of California, Davis, Wildlife, Fisheries, 
and Conservation Biology 

Kara Moore, Ph.D. 

Postdoctoral Researcher 
Davis, CA 

University of California, Davis, Evolution and 
Ecology 
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Joseph Sullivan, Ph.D. 

Certified Wildlife Biologist 
Woodland, CA 
Ardea Consulting 

Sarah McMenamin, Ph.D. Candidate 
Stanford, CA 

Stanford University, Biological Sciences 

Sarah Gilman, Ph.D. 

Visiting Assistant Professor 
Claremont, CA 

The Claremont Colleges, Joint Science 
Department 

Jason MacKenzie, Ph.D. 

Visiting Scholar 
Berkeley, CA 

UC Berkeley, Museum of Vertebrate Zoology 

COLORADO 


Lynette Laffea, M.S., Ph.D. Candidate 
Golden, CO 
CU Boulder, EBIO 

David Knochel, Ph.D. Candidate 
Denver, CO 

University of Colorado, INSTAAR, Ecology and 
Evolution 

Matthew Cummings, B.S. 

Biologist 
Denver, CO 

Patrick Martin, Ph.D. 

Assistant Professor 
Fort Collins, CO 

Colorado State University, Horticulture and 
Landscape Architecture 

Randy Bangert, Ph.D. 

Mancos, CO 


Winthrop Staples, M.S. 

Wildlife Biologist 
Fort Collins, CO 

Colorado State University, Philosophy 

Marcus Cohen, M.S. Candidate 
Erie, CO 

University of Colorado at Boulder, Ecology and 
Evolutionary Biology 

Karina Yager, Ph.D. Candidate 

Fort Collins, CO 

Yale University, Anthropology 

LiesI Peterson, Ph.D. Candidate 
Boulder, CO 

University of Colorado, Ecology and Evolutionary 
Biology 

Cecelia Smith, M.S., M.Ed. 

Conservation Biologist 
Crestone, CO 

Tierra Ecological Services, Inc., Research 
Consultant 


Walter Graul, Ph.D. 

Berthoud, CO 

Colorado Wildlife Federation, Board Member 

Jennifer Feighny, Ph.D. 

Loveland, CO 

Richard Reading, Ph.D. 

Associate Research Professor 
Denver, CO 

University of Denver, Biology 

CONNECTICUT 


Shelley Spohr, M.S. 
Wildlife Biologist 
Griswold, CT 

DELAWARE 


Kevina Vulinec, Ph.D. 

Associate Professor 
Dover, DE 

Delaware State University, Agriculture & Natural 
Resources 
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DISTRICT OF COLUMBIA 


John Lill, Ph.D. 

Assistant Professor 
Washington, DC 

George Washington University, Biology 

G Thomas Bancroft, Ph.D. 

Chief Scientist & Vice President 
Washington, DC 

National Audubon Society, Science Division 

Gabriela Chavarria, Ph.D. 

Director 

Washington, DC 

Natural Resources Defense Council, Science 
Center 

Michael Fry, Ph.D. 

Director of Conservation Advocacy 
Washington, DC 

American Bird Conservancy, Pesticides and 
Birds Program 

Kathleen Theoharides, M.S. 

Washington, DC 

Christine Negra, Ph.D. 

Research Associate 
Washington, DC 

Jean Brennan. Ph.D. 

Senior Climate Change Scientist 
Washington, DC 

Defenders of Wildlife, Conservation Science 

Kelly Gravuer, M.S.c, 

Botanical Research Associate 
Washington, DC 

Stephen MacAvoy, Ph.D. 

Assistant Professor 
Washington, DC 
American University, Biology 


Michael Case, M.S. 

Research Scientist 
Washington, DC 

World Wildlife Fund, Climate Change 

Sarah Gannon-Nagle, M.S.E.M. 

Project Manager 
Washington, DC 

National Wildlife Federation, Conservation 

FLORIDA 


Reed Bowman, Ph.D. 

Director. Avian Ecology Lab 
Lake Placid, FL 

Archbold Biological Station, Avian Ecology 

Vicki Underwood, M.S. 

Graduate Student 
Gainesville, FL 

Anne Francess, M.S., Ph.D. Candidate 
Gainesville, FL 

Louise Venne, M.S. 

Gainesville, FL 

Elizabeth Roznik, M.S. 

Gainesville, FL 

University of Florida, Wildiife Ecology and 
Conservation 

Fernando Soares, Ph.D, 

Melbourne, FL 

Florida Institute of Technoiogy, Science & Math. 
Education 

Joshua Picotte, M.S. 

Plant Ecologist 
Tallahassee, FL 

Kenneth Meyer, Ph.D. 

Executive Director 
Gainesville, FL 

Avian Research and Conservation Institute 


Ellycia Kolieb, M.S. Environment Lauren Toth, B.S. 

Science Fellow Graduate Student 

Washington, DC Royal Palm Beach, FL 
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Theron Morgan-Brown, M.S. 

Gainesville, FL 

University of Florida, Interdisciplinary Ecology 

Stella Copeland, B.A., M.S. Candidate 
Gainesville, FL 

University of Florida, Wildlife (Concentration in 
Ecology) 

Christopher Stallings, Ph.D. 

Postdoctoral Associate 
St. Teresa, FL 

Joie Goodman, M.S. 

Botanist 

Coral Gables, FL 

Fairchild Tropical Botanic Garden, Center for 
Tropical Plant Conservation 

Steve Shippee, Ph.D. Candidate in Conservation 

Biology 

Oviedo, FL 

University of Central Florida, Biology 

Grant Sizemore. B.S. 

Gainesville, FL 

University of Florida, Wildlife Ecology and 
Conservation 

Peter Mahoney, B.A. 

Field Ecologist and M.S. Student 
Wauchula, FL 

Marsha Ward. M.S. 

Biological Administrator 
Pembroke Pines, FL 

Luis Ramos, D.V.M., M.S., Ph.D. Candidate 
Gainesville, FL 

University of Florida, School of Natural 
Resources and Environment 

Anne McMillen-Jackson, Ph.D. 

St. Petersburg, FL 

Florida Fish & Wildlife Conservation Commission 


Saif Nomani, M.S. 

Wildlife Research Biologist 
Gainesville, FL 

Dina Liebowitz, Ph.D. 

Graduate student 
Gainesville, FL 

University of Florida, Natural Resources and the 
Environment 

GEORGIA 


Jason Wisniewski, M.S. 

Aquatic Zoologist 
Watkinsville, GA 

Andrew Kramer, Ph.D. 

Postdoctoral Researcher 
Athens, GA 

Gary Grossman, Ph.D. 

Distinguished Research Professor 
Athens, GA 

University Georgia, Wamell School Forestry & 
Natural Resources 

Philip Novack-Gottshall, Ph.D. 

Assistant Professor 
Carrollton, GA 

University of West Georgia, Geosciences 

Geoffrey Poole, Ph.D. 

President 
Tucker, GA 
Eco-metrics, Inc. 

Michelle Creech, M.S. 

Graduate Student 
Newton, GA 

University of Georgia, Odum School of Ecology 
Katharine Stuble, M.S. 

Newton, GA 

University of Georgia, Odum School of Ecology 
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Requesting Adequate Funding for WiJdtife 

Matthew Elliott. Master of Environmental Studies 
Program Manager 
Athens, GA 

Georgia Department of Natural Resources, 
Wildlife Resources Division 

Jane Shevtsov, B.S. 

Athens, GA 

Stephanie Scott, B.S. 

Research Professional 
Athens, GA 

Odum School of Ecology/UGA, ECOLOGY 

Vicki McMaken, M.S. Candidate 
Athens, GA 

Michael Harris, M.S. 

Chief, Nongame Conservation Section 
Bishop, GA 

Georgia Department of Natural Resources, 
Wildlife Resources Division 

Tamara Andros, M.S. 

Graduate student 
Amoldsville, GA 

University of Georgia, Schooi of Ecology 

John Kominoski, Ph D. 

Athens, GA 

University of Georgia, Ecology 

Thomas Govus, M.S. 

Vegetation Ecologist 
Eilijay, GA 
Natu reserve 

Christina Faust, M.S. 

Athens, GA 

University of Georgia, Odum School of Ecology 

Lisa Weinstein, M.S. 

Assistant Chief 
Social Circle, GA 

Brenda Rashleigh, Ph.D. 

Athens, GA 


and Ecosystems Threatened by Global Warming 

Lock Rogers, Ph.D. 

Atlanta, GA 

Georgia Institute of Technology, Biology 

Daniel McGarvey, Ph.D, 

Postdoctoral Research Associate 
Athens, GA 
U.S. EPA 

Kplly Siragusa, M.S. 

Graduate Student 
Duluth, GA 

HAWAII 


Christopher Lepezyk, Ph.D. 

Assistant Professor 
Honolulu, HI 

University of Hawaii at Manoa, Department of 
Natural Resources and Environmental 
Management 

Brenda Becker, B.S. 

Wildlife Biologist 
Honolulu, HI 

Bill Standley, M.S. 

Wildlife Biologist 
Honolulu. HI 

Jon Brodziak, Ph.D. 

Senior Stock Assessment Scientist 
Honolulu, HI 

Marian Chau, M S. Candidate 
Honolulu, HI 

University of Hawaii at Manoa, Botany 

IDAHO 


David Whitacre, Ph D, 

Boise, ID 

Virginia Wakkinen, M.S. Wildlife Management 
Senior Fisheries Technician 
Bonners Ferry, ID 
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Daniel Niven, Ph.D. 

Senior Scientist - Bird Conservation 
Champaign, IL 


Amy Haak, Ph.D. 

Resource Information Director 
Boise, |D 

Trout Unlimited, Science 

Bonnie Claridge, M.S. 

Wildlife Biologist 
Shoshone, ID 

Tom Giesen, M.S. 

Moscow, ID 

University of Idaho, Forest Resources 

IOWA 


Mary Harris, Ph.D, 

Adjunct Assistant Professor 
Ames, lA 

ISU, Natural Resource Ecology and 
Management 

James Pease, Ph.D. 

Associate Professor 
Ames, lA 

Iowa State University, Natural Resource Ecology 
and Management 

Robert Summerfelt, Ph.D. 

Ames, lA 

Tex Sordahl, Ph.D, 

Professor of Biology 
Decorah, lA 
Luther College, Biology 

Laura Jackson, Ph.D. 

Professor 
Cedar Falls, lA 

University of Northern Iowa, Biology 

ILLINOIS 


William Bromer, Ph.D. 

Professor of Biology and Env. Science 
Joliet, IL 


Dale Sparks, Ph. D. 

Research Scientist 
Marshall, IL 

Indiana State University, Ecology and 
Organismal Biology 

Angelo Capparella, Ph.D. 

Associate Professor of Zoology 
Normal. IL 

Illinois State University, Biological Sciences 

Cheryl Heinz, Ph.D, 

Assistant Professor 
Aurora, IL 

Benedictine University, Biological Sciences 

Gretchen Flohr, M.S,, Ph.D. Candidate 
Cartervllle, IL 

Sara Viemum, M.S. 

Energy, IL 

Kevin Rohling, M.S. 

Edwardsville, IL 

Jason Koontz, Ph.D. 

Assistant Professor 
Rock Island, IL 

INDIANA 


Diane Henshel, Ph.D. 

Bloomington, IN 
Indiana University, SPEA 

Daniel Johnson, M.S. 

Assistant Instructor 
Bloomington, IN 

Charles Kulpa, Ph.D. 

Professor and Chair 
Notre Dame, IN 

University of Notre Dame, Biological Sciences 
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Angela Shelton, Ph.D. 

Bloomington, IN 

Indiana University, Department of Biology 

Thad Godish, Ph.D. 

Professor 
Muncie, IN 

Ball State University, Natural Resources and 
Environmental Management. 

Rochelle Jacques, M.S. 

Research Assistant 
West Lafayette, IN 

Purdue University, Biological Sciences 

KANSAS 


Elmer Finck, Ph.D. 

Hays, KS 

Fort Hays State University, Biological Sciences 

KENTUCKY 


Kathryn Lowrey, Ph.D. 

Associate Professor 
Louisville, KY 

Jefferson Community & Technical College, 
Biology 

William Cooper, M.S. 

Lexington, KY 

LOUISIANA 


G Paul Kemp, Ph.D. 

Vice-President 
Baton Rouge, LA 

National Audubon Society, Gulf Coast Initiative 

Kimberly Terrell, Ph.D. Candidate 
New Orleans, LA 

University of New Orleans, Biological Sciences 

Len Bahr, Ph.D. 

Baton Rouge, LA 


Robert Wagner, Ph. D. 

Senior Ecologist 
DeRidder, LA 

Natalie Snider, M.S. 

Science Director 
Baton Rouge, LA 

Coalition to Restore Coastal Louisiana 

Patricia Faulkner, M.S, 

Ecologist 
Baton Rouge, LA 

Robert Twilley, Ph.D. 

Professor 
Lafayette, LA 

MAINE 


Charies Curtin, M S., Ph.D. 

Director 

North Haven, ME 
Ecological Policy Design 

Ethel Wllkerson, M S. 

Stream Ecologist 
Brunswick, ME 

Manomet, Forest Conservation Program 

Lindsay Seward, M.S. 

Instructor 
Milford. ME 

University of Maine, Wildlife Ecology 

Philip Nyhus, Ph.D. 

Assistant Professor 
Waterville, ME 

Colby College, Environmental Studies 

Laura Jones, M.S. Candidate 
Portland, ME 

University of Southern Maine, Biology 

MARYLAND 


Michael Hutchins, Ph.D. 
Executive Director/CEO 
Bethesda, MD 
The Wildlife Society 


Institutional Affiliation for Identification Purposes Only 


15 




839 


Signatories to the Letter from Scientists to the U.S. Congress 
Requesting Adequate Funding for Wildlife and Ecosystems Threatened by Global Warming 


Daniel Gainer, Ph.D. 

Assistant Professor 
College Park. MD 

University of Maryland, Department of 
Entomology 

Daniel Lebbin, Ph.D. 

Baltimore, MD 

Cornell Laboratory of Ornithology 

David Inouye, Ph.D. 

Professor 

College Park, MD 

University of Maryland, Biology 

David Hilmy, M.S.c, M.S. 

Director of Conservation 
Mount Rainier, MD 

KuTunza Environmental Education Program 

Eric Dinerstein, Ph.D. 

Chief Scientist 

Cabin John, MD 

WWF, Conservation Science 

Angela Yau, M.S. 

Interpretive Consultant 
Bel Air, MD 

Santa Fe Community College, Natural Sciences 

Keri Parker, M.S. 

Conservation Biologist 
Greenbelt, MD 

Elise Larsen, M.S., Ph.D. Candidate 

College Park, MD 

University of Maryland, Biology 

Donald Boesch, Ph.D. 

Professor 
Cambridge, MD 

University of Maryland, Center for Environmental 
Science 

David Blockstein, Ph.D. 

Chairman 
Takoma Park, MD 
Ornithological Council 


Avani Mallapur, Ph.D. 

Hyattsville, MD 

Sumatran Orangutan Society, Director 

Geoffrey Patton, Ph.D, 

Environmental Health Scientist 
Wheaton, MD 

David Yeany II, M.S. Candidate 
Graduate Assistant 
Cumberland, MD 

Michael Siemien, M.S. Fisheries Management 
Supervisory Fisheries Biologist 
Derwood, MD 

Nancy Kreiter, Ph.D. 

Associate Professor of Biology 
Bel Air, MD 

College of Notre Dame, Biology 

Jay Nelson, Ph.D. 

Professor 
Towson, MD 

Towson University, Department of Biological 
Science 

Chandler Robbins, Sc.D. 

Wildlife Research Biologist, retired 
Laurel, MD 

MASSACHUSETTS 


Gib Chase, M.S. 

Northboro, MA 

Christopher Picone, Ph.D. 
Assistant Professor 
Fitchburg, MA 

Fitchburg State College, Biology 

Leslie Smith, Ph.D. 

Associate Professor 

Northampton, MA 

Smith College, Biological Sciences 
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Taber Allison, Ph.D, 

Vice President 
Lincoln, MA 

Peter Alpert, Ph.D. 

Amherst, MA 

Jeffrey Parrish, Ph.D, 

Vice-President 
Manomet, MA 

Manomet Center for Conservation Sciences, 
Migratory Wildlife and Climate Change 

Robert McDonald, Ph.D. 

Smith Conservation Biology Fellow 
Cambridge, MA 

Benjamin Felzer, Ph.D. 

Woods Hole, MA 

Irene Pepperberg, Ph.D. 

Professor 
Swampscott, MA 

Allen Rutberg, Ph.D. 

Research Assistant Professor 
Holliston, MA 

Cummings School of Veterinary Medicine, 
Environmental and Population Health 

MICHIGAN 


Stephen Hamilton, Ph D. 

Professor 

Hickory Comers, Ml 

Michigan State University, Kellogg Biological 
Station 

Brent Murry, Ph.D. 

Research Scientist 
Mount Pleasant, Ml 
Central Michigan University, Biology 

Emily Morrison, M.S., Ph.D. Candidate 
East Lansing, Ml 

Michigan State University, Zoology 


Jesse Lewis; M.S. Conservation Biology 
Graduate Student 
Ann Arbor, Ml 

University of Michigan, School of Natural 
Resources 

Meredith Gore, Ph.D. 

Postdoctoral Fellow 
East Lansing, Ml 

Patricia Soranno, Ph.D. 

Associate Professor 
East Lansing, Ml 

Michigan State University, Fisheries and Wildlife 

Donald Scavia, Ph.D. 

Professor 
Ann Arbor, Ml 

University of Michigan, School of Natural 
Resources & Environment 

Rebecca Brooke, M.S.Candidate 
Ann Arbor, Ml 

University of Michigan. School of Natural 
Resources & Environment 

Anna Fiedler, M.S. 

East Lansing. Ml 

Michigan State University. Entomology 

Jessica Woltz, B.S. 

Lansing, Ml 

Doug Jackson, M.S. 

Graduate Student 
Dearborn, Ml 

Michael Nelson, Ph.D. 

Associate Professor 
Perry. Ml 

Orin Gelderloos, Ph.D, 

Professor of Biology 

Dearborn Heights, Ml 

University of Michigan-Dearbom, Natural 

Sciences 
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Anne Wiley. Ph.D. 

Okemos, Ml 

Michigan State University, Zoology 

Michele Johnson, Ph.D. 

East Lansing, Ml 

Michigan State University, Zoology 

Carla Davidson, Ph.D. 

Lansing, Ml 

Michigan State University, Microbiology and 
Molecular Genetics 

Gretchen Hansen, M.S.c. 

Lansing, Ml 

Michigan State University, Fisheries and Wildlife 

Daniel Linden, Ph.D. 

Graduate Research Assistant 
Lansing, Mi 

Michigan State University, Fisheries & Wildlife 

Gary Roloff, Ph.D. 

Assistant Professor 
East Lansing, Ml 

Michigan State University, Fisheries and Wildlife 

Shane Peek, M.S. 

East Lansing, Ml 

Michigan State University, Zoology 

Lauri Das, Ph.D. 

Graduate Student 
Royal Oak, Ml 

Michigan State University, Zoology/EEBB 

Merritt Turetsky, Ph.D. 

Assistant Professor 
East Lansing, Ml 

Michigan State University, Department of Plant 
Biology 

Jeff Johnson, Ph.D. 

Assistant Research Scientist 
Ann Arbor, Mi 

University of Michigan Museum of Zoology, Bird 
Division 


Jarrod Morrice, M.S. 

Graduate Student 
Lansing, Ml 

Michigan State University, Plant Biology 

Peter Murphy, Ph.D. 

Professor Emeritus 
East Lansing, Ml 

Michigan State University, Plant Biology 

Andrew Flies, Ph.D. Candidate 
Lansing, Ml 

Michigan State University, Zoology 

Melissa Kjelvik, Ph.D. Candidate 
East Lansing, Ml 

Michigan State University, Zoology 

Thomas Gehring, Ph.D. 

Associate Professor 
Mount Pleasant, Ml 
Central Michigan University, Biology 

Megan Matonis, M S. 

East Lansing, Ml 

MINNESOTA 


W. Daniel Svedarsky, Ph.D., C.W.B. 
Morse-Alumni Distinguished Professor and 
Head. University of Minnesota 
Research Biologist 
Crookston, MN 

Charles Anderson, Ph.D. 

Fisheries Research Supervisor 
St. Paul, MN 

Minnesota DNR, Fisheries 

David Spiering, M.S. 

Wildlife Biologist 
Rochester, MN 

Minnesota Dept, of Natural Resources, 
Nongame Wildlife Program 

James Manolis, Ph.D. 

Ecologist 
Minneapolis, MN 
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Michael Duval, M.S. 

Chapter President 
Brainerd, MN 

Minnesota Chapter American Fisheries Society 

Willliam Lamberts, Ph.D. 

Associate Professor 
Collegevllle, MN 

College of St Benedict/St John's Univ, Biology 

Jon Grinnell, Ph.D. 

Francis Mory Uhler Chair in Biology 
Saint Peter, MN 

Gustavus Adolphus College, Biology 

Patrick Belmont, Ph.D. 

Postdoctoral Associate 
Minneapolis, MN 

National Center for Earth-surface Dynamics, 
Geology and Geophysics 

Megan Moore, M.S. 

Aquatic Biologist 
Wabasha, MN 

Tali Lee, Ph.D. 

Assistant Professor 
Duluth, MN 

University of Minnesota Duluth, Biology 

Frederick Jannett, Jr., Ph.D. 

Adjunct Associate Professor 
St. Paul, MN 

Michael Swift, Ph.D. 

Assistant Professor 

Northfield, MN 

St. Olaf College, Biology 

Kris Johnson, M.S. 

Program Coordinator 
St. Paul, MN 
University of Minnesota 

Ethan Perry, M.S, 

Duluth, MN 

Minnesota Department of Natural Resources 


Rebecca Knowles, Ph.D. 

Plant Ecologist/ Planner 
Cass Lake, MN 

Leech Lake Band of Ojibwe, Division of 
Resource Management 

Michael Rentz, Ph.D. Candidate 
Duluth, MN 

University of Minnesota, Conservation Biology 

MISSOURI 


Alan Joumet, Ph.D. 

Professor of Biology 
Cape Girardeau, MO 

Southeast Missouri State University, Biology 

Amy Buechler, M.S. 

Jefferson City, MO 
Conservation Federation of Missouri 

Michael Taylor, Ph.D. 

Cape Girardeau, MO 

Southeast Missouri State University, Biology 

John Orrock, Ph.D. 

Assistant Professor 
Saint Louis, MO 

Washington University in St. Louis, Biology 

Lee O'Brien, M.S. - Ecology 
Conservation Planner 
Webster Groves, MO 

John Faaborg, Ph.D. 

Columbia, MO 

Nicholas Barber, M.S., Ph.D. Candidate - 
Ecology 

Shrewsbury, MO 

University of Missouri-St. Louis, Department of 
Biology 

Lucinda Swatzeil, Ph.D. 

Cape Girardeau, MO 

Southeast Missouri State University, Biology 
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Cara Joos, Ph.D. Candidate 
Teaching Assistant 
Coiumbia, MO 

University of Missouri, Biology 

Thomas Bonnot. M.S. 

Research Specialist 
Columbia, MO 

University of Missouri, Fisheries and Wildlife 
Sciences 

Stephen Overmann, Ph.D. 

Director of Environmental Science 
Cape Girardeau, MO 
Southeast Missouri State University, 
Environmental Science 

Jennifer Reidy, M.S. 

Liberty, MO 

University of Missouh, Fisheries & Wildlife 

Shannon McNew, M.N.S. 

Instructor of Biology 
Scott City, MO 

Southeast Missouri State University, Biology 

Jane Fitzgerald, Ph.D. 

Joint Venture Coordinator 
Rock Hill, MO 

American Bird Conservancy, 

Dana Morris, Ph.D. 

Adjunct Assistant Professor 
New Franklin, MO 

D. Todd Jones-Farrand, Ph.D. 

Columbia, MO 

MONTANA 


Anne Schrag, M.S. 

Climate Research Program Officer 
Bozeman, MT 

World Wildlife Fund-US, Northern Great Plains 
Program 


Sterling Miller, Ph.D. 

Missoula, MT 

National Wildlife Federation, Wildlife Biologist 

Kevin Doherty, M.S., Ph.D. Candidate 
Senior Ecologist 
Missoula, MT 
Audubon Society 

John Maron, Ph.D. 

Missoula, MT 

Steve Forrest, M.S. 

Manager of Restoration Science 
Bozeman, MT 

Molly Cross, Ph.D. 

Climate Change Ecologist 
Bozeman, MT 

Wildlife Conservation Society, North America 
Program 

Brytten Steed, Ph.D. 

Missoula, MT 

Richard Harris, Ph.D. 

Adjunct Associate Professor 
Missoula, MT 

Vicki Watson, Ph.D. 

Professor 
Missoula, MT 

University of Montana, Environmental Studies 

Michael Phillips, M.S.c. Wildlife Ecology 
Executive Director 
Bozeman, MT 

Turner Endangered Species Fund 

Christine Paige, M.S. 

Wildlife Biologist 
Stevensville, MT 
Ravenworks Ecology 
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Scott Creel, Ph.D. 

Professor 
Bozeman, MT 

Montana State University. Ecology 

Janelle Corn, Ph.D. 

Corvallis, MT 

Gillian Hadley, Ph.D. 

Lima, MT 

NEBRASKA 


Toni Morelli, Ph.D. Candidate 
Omaha, NE 

Stony Brook University, Ecology & Evolution 

NEVADA 


Beth Newingham, Ph.D. 

Research Assistant Faculty 
Boulder City, NV 

University of Nevada, Las Vegas, School of Life 
Sciences 

Laura Richards, M.S. 

Chief, Wildlife Diversity Division 
Reno, NV 

Nevada Department of Wildlife. Wildlife 

Mary Peacock, Ph D. 

Assistant Professor 
Reno. NV 

University of Nevada, Reno, Biology 

Raymond Saumure, Ph.D. 

Preserve Biologist 
Las Vegas, NV 

Las Vegas Valley Water District, Research 

Lisa Crampton, Ph.D. 

Reno, NV 

NEW HAMPSHIRE 


NEW JERSEY 


Peter Morin, Ph.D. 

Professor 
Somerset, NJ 

Rutgers University, Ecology & Evolution 

Maria Femandez-Medina, M.S., M.A., Ph.D. 

Candidate 

Princeton, NJ 

UC Davis, Graduate Group in Ecology 

Denise Hewitt, Ph.D. Candidate 
Mine Hill, NJ 

Rutgers University. Ecology & Evolution 

Michaei Van Clef, Ph.D. 

Meadows, NJ 
Ecological Solutions LLC 

Holly Vuong, M.S. 

Graduate Student 
Milltown, NJ 

Rutgers University, Ecology and Evolution 

Judith Weis, Ph.D, 

Professor 
Newark, NJ 

Rutgers University, Blologicai Sciences 

Zewei Miao, Ph.D. 

Research Associate 
New Brunswick, NJ 

Rutgers University, Dept, of Ecology, Evolution & 
Natural Resources 

Kristi MacDonald-Beyers, Ph.D. 

Garwood, NJ 

Rutgers University, Ecology, Evolution and 
Natural Resources 

Christina Kisiel, M.S. Candidate 
Ocean City, NJ 

Rutgers University, Ecology and Evolution 


Robert Vincent, Ph.D, Candidate 
Portsmouth, NH 
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Alison Cameron, Ph.D. 

Princeton, NJ 

Univeristy California Berkeley, ESPM 

Aabir Banerji, B.S. 

Ph.D. Candidate 
New Brunswick, NJ 

NEW MEXICO 


Mitchel Hannon, M.S, 

Senior GIS Analyst 

Santa Fe, NM 

The Trust For Public Land 

Melissa Savage, Ph.D. 

Santa Fe, NM 

UCLA (Emerita), Geography 

Kerry Griffis-Kyle, Ph.D, 

Postdoctoral Research Associate 
Mayhill, NM 

New Mexico State University, Department of 
Fishery and Wildlife Sciences 


Hope Woodward, M.A., M.P.H., Ph.D. Candidate 
Gila, NM 

New Mexico State University, Biology 

Mark Andersen, Ph.D. 

Professor 
Las Cruces, NM 

New Mexico State University, Fishery and 
Wildlife Sciences 

Beatrice Lucero, Ph.D. 

Santa Fe, NM 

New Mexico Department of Game & Fish, 
Administrative Services Division 

Ericha Courtright, M.S. 

Science Specialist 
Las Cruces, NM 

New Mexico State University, Jornada 
Experimental Range 

Mary Orr, B.S. Wildlife Biology 
Wildlife biologist 
Espanola, NM 


Steven Yanoff, M.S. 
Carrizozo, NM 

Rachel Jankowitz, M.S. 
Habitat Specialist 
Santa Fe, NM 

Michael Fuller, Ph.D. 
Postdoctoral Fellow 
Albuquerque, NM 

Mason Ryan, M.S. 

Ph.D. Student 
Albuquerque, NM 

Charles Hayes, M.S. 

Wildlife Biologist 
Rio Rancho, NM 

Marikay Ramsey, M.S. 
Biologist 

Truth or Consequences, NM 


NEW YORK 


Michael Judge, Ph.D. 

Associate Professor 
Piermont, NY 

Susan Willson, Ph.D. 

Canton, NY 

St. Lawrence University, Biology 

Kristine Hopfensperger, Ph.D. 

Professor 

Hamilton, NY 

David Patrick, Ph.D, 

Syracuse, NY 

Catherine McGlynn, Ph.D. 
Rhinebeck, NY 
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Arthur Kopelman, Ph.D. 

Professor of Science 
New York, NY 

Raymond Clarke, Ph.D. 

Professor 
Bronxville, NY 

Sarah Lawrence College, Biology 

Leila Hadj-Chikh, Ph.D. 

Buffalo, NY 

Susan Swensen, Ph.D. 

Ithaca, NY 

Ithaca College, Biology 
Timothy Mihuc, Ph.D. 

Associate Professor of Environmental Science 
Plattsburgh, NY 

SUNY Plattsburgh, Lake Champlain Research 
Institute 

Brenda Young, Ph.D. 

Associate Professor of Biology 
Amherst, NY 

Timothy Green, Ph.D. 

Natural Resource Manager 
Upton, NY 

Foundation for Ecological Research in NE 

Robert Fuller, Ph.D. 

Director/Professor 
Plattsburgh, NY 

State University of New York Plattsburgh, Center 
for Earth & Environmental Science 

Mary McPhee, Ph.D. 

Postdoctorate Researcher 
Ithaca, NY 

Ronald Dodson, M.S. 

President 
Selkirk, NY 

Audubon International, Office of the President 


Cristina Rumbaitis Del Rio, Ph.D. 

New York, NY 

Tatjana Rosen, M.S. 

Wildlife Researcher 
New York, NY 

Bard College, Center for Environmental Policy 

Richard Feldman, Ph.D. 

Assoc. Professor 
Poughkeepsie, NY 

Marist College, Environmental Science & Policy 

Ralph Names, Ph.D. 

Ithaca, NY 

Cornell Laboratory of Ornithology, Conservation 
Science 

John Mickelson, M.S. 

Monroe, NY 

Kathleen McCarthy, M.S. 

Graduate Student 
New York, NY 

Rutgers University, Ecology and Evolution 

Michael Burger, Ph.D. 

Director of Conservation and Science 
Ithaca, NY 

Audubon New York, Conservation and Science 

Jon Rosales, Ph.D. 

Assistant Professor 
Canton, NY 

St. Lawrence University, Environmental Studies 

Jennifer Merriam, Ph.D. 

Middletown, NY 

Orange County Community College, Biology 

Michale Glennon, Ph.D. 

Saranac Lake, NY 
Wildlife Conservation Society 

Stacey Massulik, M.S. 

Environmental Scientist 
Syracuse, NY 
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Jeffrey Corbin, Ph:D, 

Professor 
Schenectady, NY 

Union College, Dept, of Biological Sciences 

Jeanette Klopchin, M.S. 

Fisheries Technician 

Wading River, NY 

Cornell Marine Program, Marine 

Anna Tyler, Ph.D. 

Assistant Research Professor 
Rochester, NY 

Rochester Institute of Technology, Biology 

Matthew Palmer, Ph.D. 

Lecturer 
New York, NY 

Columbia University, Ecology, Evolution, and 
Environmental Biology 

Matthew Schlesinger, Ph.D. 

Chief Zoologist 
Albany, NY 

New York Natural Heritage Program 

Robert Werner, Ph.D. 

Professor Emeritus 
Skaneateles, NY 

Richard Ostfeld, Ph D. 

Tivoli, NY 

Kristina Klees, M.S. 

Rochester. NY 
SUNY Brockport 

Erika Barthelmess, Ph.D. 

Professor 
Canton, NY 

St. Lawrence University, Biology 

Maiken Winter, Ph.D. 

Visiting Fellow 
Ithaca, NY 

Cornell University, Laboratory of Ornithology 


Kristina Hannam, Ph.D. 

Geneseo, NY 
SUNY-Geneseo, Biology 

George Robinson, Ph.D. 

Associate Professor 
Albany, NY 

State University of New York at Albany, 
Biological Sciences 

Phoebe McMellon, M.S.c. 

Water Resources Scientist 
New York, NY 

Barbara Loucks, M.S. 

Research Scientist 
Schenectady, NY 

New York State, Department of Environmental 
Conservation 

Nancy Karaker, Ph.D. 

Syracuse, NY 

University of Hong Kong, Ecology and 
Biodiversity 

NORTH CAROLINA 


Joshua Rapp, Ph.D. Candidate 
King, NC 

Wake Forest University, Biology 

Meredith Barrett. Ph.D. Candidate 

Durham, NC 

Duke University, Ecology 

Clinton Jenkins, Ph.D, 

Research Associate 
Durham, NC 

Duke University. Nicholas School of the 
Environment 

Chris Paradise, Ph.D. 

Professor of Biology 
Huntersville, NC 
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Michael Baranski, Ph.D. 

Woodleaf, NC 
Catawba College, Biology 

Mark Sandfoss, B.S. 

M.S. Candidate 
Raleigh, NC 

Mark Brinson, Ph.D. 

Professor 
Greenville, NC 

Markus Peterson, Ph.D. 

Raleigh, NC 

Miles Sllman, Ph.D. 

Associate Professor 
Yadkinville, NC 

Wake Forest University, Biology 

Joshua Linder, Ph.D. 

Durham, NC 

Duke University, Biological Anthropology and 
Anatomy 

Leslie Newton, M.S., Ph.D. Candidate 
Graduate Research Assistant 
Raleigh, NC 
NCSU, Entomology 

Cristin Conner, M.S. 

Graduate researcher 
Raleigh, NC 

North Carolina State University, Forestry and 
Environmental Resources 

Caitlin Kight, M.S. 

Carrtraro, NC 

Sara Marschhauser, M.S. 

Graduate student 
Raleigh, NC 

North Carolina State University, Fisheries and 
Wildlife Sciences 

Jennifer Costanza, M.E.M. 

Chapel Hill, NC 

University of North Carolina-Chapel Hill, Ecology 


Corey Shake, M.S. Candidate 
Raleigh, NC 

North Carolina State University, Fisheries and 
Wildlife Sciences Program 

William McLamey, Ph.D. 

Director, Stream Biomonitoring Program 
Franklin, NC 

Asociacion ANAI, Biomonitoring 

Ann Somers, M.S. 

Lecturer 
Greensboro, NC 

Jessica Tisdale, M.S. 

Graduate student 
Raleigh, NC 

North Carolina State University, Forestry and 
Environmental Resources 

Nicolette Cagle, Ph D. Candidate 
Durham, NC 
Duke University 

Nita Woodruff, M.S. 

Teacher 
Eden, NC 

Neil Chartier, M.S., Ph.D. Candidate 
Raleigh, NC 

North Carolina State University, Fisheries and 
Wildlife Science 

Jill Anderson, M.Ed. 

Holly Springs, NC 

NC State University, Biological Sciences 

Matthew Rubino, M.S. 

Research Associate 
Raleigh, NC 

Margaret Horton, M.A. 

Greensboro, NC 
UNCG Biology 
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Responses by Larry J- Scbweiger to Follow-Up Questions 
Environment and Public Works Committee 
October 29, 2009 


Questions from Senator James M. Inhofe 

1 . You state that the JPCC concluded that as many as a million species of plants and 
animals could be threatened with extinction between now and 2050 (40 years). How 
many species have gone extinct because of warming during the course of the 20th 
century? 

To our knowledge, no comprehensive study has attempted to examine the contribution of global 
warming to recent extinctions. In any case, one must look forward to fully understand the 
connection between human-caused global warming and species extinctions. Based on a review 
of multiple scientific studies looking at known risk factors for species extinctions and models of 
future conditions, the IPCC estimates that on average 20% to 30% of species assessed are likely 
to be at increasingly high risk of extinction from climate change impacts within this century as 
global mean temperatures exceed 2°C to 3°C relative to pre-industrial levels (IPCC 2007). The 
IPCC further found that if global average temperature were to exceed 4°C above pre-industrial 
levels, model projections suggest even more significant extinctions (40-70% of species assessed) 
around the globe. Climate change increases extinction risk in multiple ways, principally through 
causing changes to or deterioration of the habitats to which individual species have evolved and 
are adapted. Changes in temperature, precipitation and other climatic factors exacerbate or 
amplify other extinction risk factors, such as degradation and loss of habitat, spread of harmful 
invasive species, and spread of diseases. 

2. Ecosystems have been changing for millions of years, without human influence. 

Suppose some of this warming is natural. How do we conclude what ecosystem changes 
are natural and what are induced by human action? 

The IPCC (Working Group I Summary for Policy Makers) stated that “Most of the observed 
increase in globally averaged temperatures since the mid-20th century is very likely due to the 
observed increase in anthropogenic greenhouse gas concentrations.” Scientists have closely 
studied other factors (e.g., variation in earth orbit, solar activity) that have historically caused 
global warming and determined that these are not significant factors in the current rapid global 
warming. The current rapid global warming is interacting with habitat destruction and 
fragmentation, the spread of harmful invasive species and other human actions to cause profound 
ecosystem change. This ecosystem change cannot be attributed to natural warming. 

3. You mentioned lengthening of the frost-free season and earlier date of the last spring 
freeze. Will some of the ecosystem changes be beneficial? For example, would we 
experience longer growing seasons in farming regions and an overall increase in areas 
that can be farmed due to a more suitable climate? 
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The impact of climate change on crops and ecosystems is much more complicated than a longer 
growing season. While some plant species may benefit from a longer frost-free season, many 
will struggle to adapt to the multiple changes in temperature and precipitation they face. The 
Global Climate Change Impacts in the United States report, released by the U.S. Global Change 
Research Program in June 2009, has a chapter on Agriculture that provides a good summary. 
Here are the key messages from that chapter: 

• Many crops show positive responses to elevated carbon dioxide and low levels of 
warming, but higher levels of warming often negatively affect growth and yields. 

• Extreme events such as heavy downpours and droughts are likely to reduce crop yields 
because excesses or deficits of water have negative impacts on plant growth. 

• Weeds, diseases, and insect pests benefit from warming, and weeds also benefit from a 
higher carbon dioxide concentration, increasing stress on crop plants and requiring more 
attention to pest and weed control. 

• Forage quality in pastures and rangelands generally declines with increasing carbon 
dioxide concentration because of the effects on plant nitrogen and protein content, 
reducing the land's ability to supply adequate livestock feed. 

• Increased heat, disease, and weather extremes are likely to reduce livestock productivity. 

Warmer temperatures are detrimental to many crops that require cold temperatures to thrive. 
According to the same report, “common snap beans show substantial yield reduction when 
nighttime temperatures exceed 80°F” and “many varieties of fruits (such as popular varieties of 
apples and berries) require between 400 and 1,800 cumulative hours below 45°F each winter to 
produce abundant yields the following summer and fall.” California could see losses of up to 40 
percent for grapes, almonds, oranges, walnuts, and avocadoes due to warmer temperatures. 

While global warming may make some areas more suitable for agriculture, other areas will be 
less suitable. For example, Iowa, where 2.S billion bushels of com were harvested in 2007, is 
projected to have a climate like that of western Oklahoma — much hotter and drier than it is 
today — if no steps are taken to reduce CO 2 emissions. This means that it will be much more 
difficult if not impossible to grow com in Iowa. 

Global warming is also reducing water availability and increasing drought stress in many 
croplands. This is a huge challenge for highly irrigated croplands, especially those that depend 
on winter snow pack. For example, spring snow pack in the Sierra Nevada, which provides 
critically important irrigation water throughout the summer, is projected to decline by 70 to 90 
percent by 2100. 

4. Has the total number of Polar Bears in the wild decreased over the past 5 years? 

Polar bears live in extreme conditions and with home ranges often exceeding 200,000 km^ 
(Mauritzen, M., et al. 2001 , Space-use strategies of female polar bears in a dynamic sea ice 
habitat. Canadian Journal of Zoology; Sep2001, Vol. 79 Issue 9, p.I704.) Population sizes are 
therefore difficult to ascertain. Nonetheless, a decline in the population of polar bears in western 
Hudson Bay has been demonstrated to be caused by the decline in sea ice extent brought on by 
global warming (Regehr, E.V., Lurai, N.J., Amstrup, S.C., Stirling, I., 2007. Survival and 


2 



860 


population size of polar bears in western Hudson Bay in relation to earlier sea ice breakup. J. 
Wildl. Manage. 71 , 2673-2683.) In 2005, “scientists and managers from the five Arctic nations 
with polar bears unanimously agreed to a status report that concluded that of the 13 populations 
within Canada, or shared with Greenland, two were severely depleted from previous 
overharvesting and were being managed for recovery, five were declining, and the rest were 
recorded as stable, except for one which was reported as increasing based on a computer 
projection model.” (Sterling and Detocher, 2007. Melting Under Pressure - The teal scoop on 
climate warming and polar bears. The Wildlife Professional (Fall, 2007)). 

The extreme dependence of polar bears on Arctic ice extent and duration allows for projection of 
polar bear well-being based on Arctic ice trends. Stirling, I. and A.E. Derocher (ibid) report 
that “Superficially, polar bears might appear secure” and then go on to say that “...if the climate 
continues to warm and negatively affect the duration, extent, and thickness of arctic sea ice as 
predicted, it will ultimately have a negative effect on all populations.” Since making that 
statement, Arctic sea ice decline has proceeded much more rapidly than projected. (Arctic sea ice 
decline; Faster than forecast. Julienne Stroeve,! Marika M. Holland,2 Walt Meier,l Ted 
Scambos,! and Mark Serrezel Received IS February 2007; accepted 26 March 2007; published 
1 May 2007.). 

5. Have forests in the eastern part of the country grown in size and density? And, with 
more carbon dioxide in the atmosphere, doesn’t that make plants, specifically trees, use 
water more efficiently? 

In 2006, there were nearly 750 million acres of forest in the United States. (Heinz Center, State 
of the Nation’s Ecosystems, 2008.) Forest in the eastern part of the country covers about 1 71 
million acres in the North and 214 million acres in the South. Since 1953, forest area for the 
nation as a whole has not changed significantly (less than 1%). Forest lands in the South have 
decreased in area significantly, while forests in the North have increased. 

The relationship between carbon dioxide concentrations in the atmosphere and tree growth and 
water utilization is complex. While elevated levels of carbon dioxide can have a stimulatory 
effect on tree growth, absence of carbon dioxide generally is not the limiting growth factor 
(Monje and Bugabee 1998). Experiments show that trees put most added carbon into producing 
fine roots and twigs, rather than new wood (Ryan et al 2008). The U.S. Global Change Research 
Program has concluded that “the effect of carbon dioxide in increasing growth thus seems to be 
relatively modest, and generally is seen most strongly in young forests on fertile soils where 
there is also sufficient water to sustain this growth.” Where such increases exist, however, they 
may be offset by other climate-related changes affecting these forests, including increased 
variability in precipitation, the spread of invasive species, and increases in forest pests. Indeed, 
experimental carbon dioxide enrichment experiments demonstrate the differential advantages of 
elevated carbon dioxide levels for certain weedy species, such as poison oak vines, which can 
have detrimental effects on forest and human health (Mohan et al. 2006). 

On the issue of water efficiency in trees, the interactions between carbon dioxide and water 
availability on plant hydraulics are still poorly understood (Domec et al. 2009). Indeed, there are 
contradictory published results on this topic, based in part on the types of trees evaluated 
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(broadleaf vs. conifer) and the experimental approaches used. Accordingly, the generalized 
assertion that elevated carbon dioxide levels enable trees to use water more efficiently is not 
supported by the available scientific literature. 

6. you mention potential short-term financial hardship that could result from a program 
to reduce global warming, mat form would "financial hardship" take? Higher gasoline 
prices? Higher food prices? Fewer jobs? Please provide greater details about "financial 
hardship. " 

As shown by the October 23, 2009, EPA report on the Clean Energy Jobs and American Power 
Act, a global warming pollution reduction program that includes a “polluter pays" funding 
mechanism and that returns a substantial portion of allowance value to consumers imposes no 
financial hardship on lower-income consumers. Although higher-income consumers are 
anticipated to experience modest increases in electricity rates, these costs are far less than the 
costs that these consumers would bear if Congress were to fail to enact a cap on global warming 
pollution. Moreover, the Clean Energy Jobs and American Power Act provides a wide array of 
benefits that must be factored into any cost-benefit analysis, including the enormous financial 
and job-stimulating benefits of energy efficiency and other clean energy measures and the 
economic and quality-of-life benefits of conserving threatened species and ecosystems. 
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Question from Senator Georae V. Voinovich 

1. Based on your testimony, it isn’t it clear to me how much of the natural resource 

adaptation funding from this bill should go to the Great Lakes, Do you have a recommendation? 

The National Wildlife Federation is pleased that the Clean Energy Jobs and American Power Act 
provides dedicated funding for safeguarding the Great Lakes and other ecosystems threatened by 
climate change. We estimate that under the bill’s allocation of allowance value, an average of 
roughly $1.4 billion will be made available annually for such natural resources adaptation work 
over the first 1 9 years, helping to boost the economies and quality of life of communities across 
the country. Although the costs of safeguarding ecosystems threatened by climate change is 
substantially greater than this, such an allocation represents an important down-payment on long 
overdue bills. 

Although the Clean Energy Jobs and American Power Act specifies how allowance value will be 
allocated among various federal and state natural resources agencies, it does not specify how this 
value will be further allocated to the Great Lakes and other ecosystems. We support the bill’s 
approach of allowing the agencies to determine how to allocate resources among ecosystems 
within their jurisdictional areas. 
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Senator Boxer. Thank you. Thirteen thousand people on one 
phone call with Senator Warner. 

Mr. ScHWEiGER. We had 11,000 on another with Ted Roosevelt. 

Senator Boxer. It is extremely impressive. 

I want to make sure I pronounce our next witness’s tribe in the 
right way here. Fawn Sharp is easy to say. But is it Quinault? 

Ms. Sharp. Yes, it is Quinault. It is also pronounced in French 
as Quinault. There is a Quinault wine. But we pronounce it 
Quinault. 

Senator Boxer. Quinault Indian Nation. 

Ms. Sharp. Yes. 

Senator Boxer. From Washington State, is that correct? 

Ms. Sharp. That is correct. 

Senator Boxer. Welcome. 

STATEMENT OF FAWN SHARP, PRESIDENT, QUINAULT INDIAN 

NATION 

Ms. Sharp. Thank you. I thought you were going to ask about 
my name pronunciation. I do want to comment, with regard to Sen- 
ator Whitehouse, I was introduced by a Narragansett official last 
week and he pronounced my name Fawn Shop. 

[Laughter.] 

Senator Whitehouse. You know, that is not bad for Rhode Is- 
land. 

[Laughter.] 

Ms. Sharp. Thank you. Senator Boxer, Senator Inhofe and mem- 
bers of the committee, I am truly honored, indeed, to present testi- 
mony on behalf of the Quinault Indian Nation. The Quinault In- 
dian Nation truly appreciates the committee’s efforts and dedica- 
tion. My testimony was prepared in consultation with several of the 
tribal organizations and tribes throughout the United States, in- 
cluding the National Congress of American Indians. 

We applaud the committee for expanding this bill to include im- 
portant tribal provisions that were not in the House bill, H.R. 2454, 
namely, inclusion of the BIA funding as an eligible purpose of De- 
partment of the Interior natural resources adaptation funding, an 
extra alternative funding possibility for natural resources adapta- 
tion on tribal lands, as well as inclusion of tribal land as an eligible 
recipient of funds under the Supplemental Agricultural Reductions 
Program which significantly increase and extend it from 0.25 per- 
cent for 2 years to 1 percent throughout the life of the bill, and fi- 
nally, the required consultation with the Secretary of the Interior 
when EPA determines the tribal set-asides. 

I have also reviewed the adaptation provisions of the recently re- 
leased Chairman’s proposed amendment to the bill and express 
overwhelming appreciation and support for these additional provi- 
sions that were not included in the original version. I have identi- 
fied them in more detail in the expanded version of my testimony 
that has been submitted for the record. 

Senator Boxer. We will put that in. 

Ms. Sharp. Today, we urge congressional leadership to move for- 
ward with legislation to help the United States prepare and adapt 
for the challenges of climate change and to attain the goals of en- 
ergy independence and security. We look forward to working with 
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Congress and the Administration in the development of climate 
change legislation to ensure that tribal needs and concerns are ade- 
quately addressed. 

I begin my remarks by stating a very important fact. Indigenous 
peoples, including American Indians, Alaskan Natives and Hawai- 
ian Natives are among the most vulnerable to the impacts of cli- 
mate change in the world. This fact is recognized by the Intergov- 
ernmental Panel on Climate Change. 

In the United States, according to the GAO office, 86 percent of 
Alaskan Native Villages are threatened by flooding and erosion be- 
cause of warming temperatures. Thirty-one villages are imminently 
threatened, and 12 villages have opted to relocate permanently. 

Since 1928, my neighbor to the North, the Hoh Tribe, has been 
plagued with flooding every 10 years. The result is severe soil ero- 
sion that has reduced the reservation from 443 acres to 400 acres. 
For more than a decade, the Hoh Tribe has been aggressive in its 
efforts to get the reservation relocated before extreme river flows 
and increases in sea level completely wash the land, the people and 
the future of the Hoh Tribe into the ocean. 

At home, the Quinault Indian Nation is proactively addressing 
the uncertainties and impacts of climate change by developing risk 
assessment, adaptation, and mitigation plans by July 2010. 

During my first year as tribal President, I was confronted face- 
to-face with impacts of climate change. I received an urgent call 
from our scientists who had discovered massive dead fish washed 
ashore our pristine coastline. This was known as the Dead Zone. 
It affected the entire West Coast of Washington and the shores of 
Oregon. The shore was riddled with dead fish from every spectrum 
of the food chain. It was not a singular fish. 

In the last year, actually, earlier this month, I took a helicopter 
flight over the Anderson Glacier. This glacier, which feeds the 
Quinault River, is one of four. We have been monitoring this gla- 
cier quite closely over the last 20 years. The University of Wash- 
ington has photos and has been monitoring it since the turn of the 
century. 

In the last 20 years, we noticed that it receded 1,700 feet. When 
I took the flight earlier this month, the entire glacier is gone. It 
disappeared. 

We are heartened that the Senate and House committees have 
recognized the nation-to-nation relationship between the Federal 
Government and tribes by including us in many critical provisions 
like renewable energy, domestic adaptation and natural resources 
adaptation. 

We seek to be sovereign partners in the climate change pro- 
grams. We seek equitable shares of the allocations provided to 
States and tribes. 

Finally, I have two other recommendations that I would like to 
note in my remarks. We ask that the committee direct the GAO to 
prepare a report on climate change and tribal nations in the Lower 
48. There have been two GAO reports on the impacts of climate 
change to Alaska native villages, once in 2003 and once in 2009. 
A report on climate change and tribal nations in the Lower 48 
would document for Congress and the Administration the wide- 
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spread cloud of destruction that awaits our reservations, our people 
and our livelihood. 

Last, section 372, the Additional Provisions Regarding Indian 
Tribes, we ask that contain a disclaimer to protect treaty and other 
federally reserved tribal rights. 

Thank you. 

[The prepared statement of Ms. Sharp follows:] 
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Testimony Presented by President Fawn Sharp, Quinault Indian Nation at the 
Legislative Hearing on S. 1733, Clean Energy Jobs and American Power Act before 
the Senate Committee on Environment and Public Works 

October 28, 2009 
Washington, D.C. 

Oral Testimony 


Senator Boxer, Senator Inhofe and members of the Senate Committee on Environment and 
Public Works, it gives me great pleasure to present testimony today on behalf of the Quinault 
government. The Quinault Indian Nation greatly appreciates the efforts of the Committee. My 
testimony was prepared after consultation with several tribes and organizations, including the National 
Congress of American Indians. 

I applaud the Committee for expanding S. 1733 to include important tribal provisions that were 
not in the House bill, H.R. 2454: 

1 . Inclusion of Bureau of Indian Affairs (BIA) funding as an eligible piupose of Department of the 
Interior (DOI) natural resources adaptation funding, an extra, alternative funding possibility for 
natural resources adaptation on the lands of Indian tribes 

2. Inclusion of tribal land as an eligible recipient of funds under the Supplemental Agricultural 
reductions program which significantly increased and extended funding from 0.25% for 2 years 
to 1% or greater for the life of this bill 

3 . Require comsultation with the Secretary of the Interior when the Environmental Protection 
Agency (EPA) determines the tribal set-asides 
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I have reviewed the adaptation provisions of the recently released Chairman’s proposed 
amendment to S. 1733 and express overwdielming appreciation and support for these additional 
provisions that were not included in the original version of S. 1733. 1 have identified them in more 
detail in the expanded version of my testimony for the record. 

We urge Congressional leadership to move forward with legislation to help the United States 
prepare and adapt for the challenges of climate change and attain goals of energy independence and 
security. We look forward to working with Congress and the Administration in the development of 
climate change legislation to ensure that tribal needs and concerns are adequately addressed. 

1. Indieenous peonies, inctudine American Indians. Alaska Natives, and Hawaiian Natives, 
are amons the most vulnerable to the adverse effeds of climate chanee in the world. 

This fact is recognized by the Intergovernmental Panel on Climate Change. In the United 
States, according to the General Accountability OfSce, eighty-six percent of Alaska Native Villages are 
threatened by flooding and erosion because of wanning temperatures, 3 1 villages are imminently 
threatened, and 12 villages have opted to relocate permanently. A few years ago, several Indian Tribes 
in southeast Louisiana were devastated by hurricanes Katrina and Rita. Tribal communities in this 
country are becoming climate change refugees. 

Since 1928, my neighbor to the North, the Hoh Tribe, has been plagued with flooding every ten 
years. The result is severe soil erosion that has reduced the reservation from 443 acres to 400 acres; 
the loss of approximately 800 feel of tribtil lands along an 1 800-feet stretch of the Hoh River. For 
more than a decade the Hoh Tribe has been aggressive in efforts to get the reservation relocated before 
extreme river flows, increases in sea level, or a tsunami completely wash the land, the people and the 
future of the Hoh Tribe into the ocean. 

2. The Ouinault Nation is oroactivelv addresshte the uncertainties and imoacls of clitaale 
chance bv develooms risk assessment. Dreoaraliott. adaplatioH. and milwalioH plans bv July of 2010. 

These plans are to identify and prioritize the values to be protected, using a combination of 
western science and traditional knowledge. Natural resources, our fish, forests, wildlife, and water are 
vital to our culture, economy, and continuity as a community. We rely upon these resources to provide 
employment, economic opportunity, income, foods, and medicines. 
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Because of chronic underfunding of our natural resources programs, our ability to prepare and 
mitigate for effects of climate change is extremely limited. Despite these challenges, we have cobbled 
together staff, resources and partners to imdertake critical projects. We recently completed the first 
phase of a long-term adaptation project to restore ecosystem functions in the Upper Quinault River 
through the installation of engineered log jams in collaboration with the National Park Service, Forest 
Service, local property owners, and others. The project was designed to stabilize water flows and 
channel structure from extreme flows, provide spawning and rearing habitat for salmon, and protect 
roads and property from excessive erosion. It will require several years and millions of dollars to 
complete; thankfully, members of the Administration and Congress have been very supportive. The 
Quinault Nation assigned this long-term, expensive, project a high priority to protect our Blueback (a 
unique run of sockeye). The Blueback has sustained our culture and economy for millennia. Quinault 
Nation and other tribes are capable stewards whose initiatives can be multiplied with federal support in 
climate change legislation. 

3, We are heartened that the Senate and House climate chanee bUb - the American Clean 
Enerev and Security Act and the Clean Enerev Jobs and American Power Act — have recoenized the 
Hation-ta-natioH relationshin between the federal eovemment and tribes, by includinp us in many 
critical provisions, like renewable enerev. domestic adaptation, and natural resources adai>latwn. 

We seek to be sovereign partners in climate change proerams. fEe seek equitable shares of the 
allocations provided to states and tribes for the provisions relatins to renewable enerev. enerev 
efficiency, domestic adaotation. and natural resources adaptation. 

The Chairman’s mark and the original Senate bill provide 3% of the natural resources 
adaptation fund to tribes. This will not adequately or equitably provide for tribal needs nor recognize 
the importance of natural resources to this nation. The overall allocation for natural resources 
adaptation should be significantly increased. I suggest that tribes receive more than 5% of the 
allocation provided to slates and tribes for renewable energy, energy efficiency, domestic adaptation, 
and natural resources adaptation, given that tribal infrastructures and natural resources are 
disproportionately impacted by climate change. Tribal lands hold vast renewable energy potential, yet 
tribal governments are provided very little federal support for those efforts particularly compared to 
states. Furthermore, since the federal government recognizes that Indian Country has a housing 
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shortfall of 200,000 homes, that an acre of Indian forest land receives one-fourth the per-acre funding 
of national forests, and only a handful of the 564 federally reeognized tribes are engaged in adaptation 
planning, eompared to over 60% of states, we believe our requests are reasonable. 

5. The Committee should direct the Government Accountability Office fGAOl to prepare 
a report on “Climate Change and THbal Natioiis in the Lower 48”. 

There have been two GAO reports on the impacts of climate change to Alaska Native Villages, 
once in 2003 and again in 2009. A report on climate change and tribal nations in the lower 48 would 
document for Congress and the Administration the widespread cloud of destmction that awaits our 
reservations, our people and our livelihood. 

6. Section 372. “Additional Provisions Regarding Indian TVibes". should contain a 
disclaimer to protect treaty and other federally-reserved tribal rights. 

Section 372(a) Pertains to the Federal Trust Responsibility. However, this is not a customary 
tribal savings provision. Customary tribal saving provisions directly safeguard tribal rights from 
potential diminution by federal statutes. 

* * * 

I appreciate the opportunity to testify before this committee and request that the record be left 
open for a length of time so that we may address the legislation provisions in detail. Thank you. 
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Environment and Public Works Committee Hearing 
On S. 1733, “Clean Energy Jobs and American Power Act” 

October 28, 2009 

Follow-Up Questions for Written Submission 
Questions for Fawn Shaip, President, Quinault Indian Nation 

Questions from: 

Senator Barbara Boxer 

I. President Sharp, are there additional issues that are relevant to your tribe from your testimony 
that you would like to elaborate on for the record? 

Response: The Quinault Nation is pleased to submit the attached additional statement 
which expands upon the points summarized in oral testimony presented at the hearing 
on October 28. 
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Additional Issues and Comments by Fawn Sharp, President, QIN 28 October 2009 
On S. 1733, Clean Energy Jobs and American Power Act 

I also am pleased to note that the Chairman’s mark includes tribal provisions that were not 
contained in the original version ors.1733; 

1. Tribal consultation requirements in clean transportation planning provisions (Title 1 , Part C) 

2. Indian Housing has been included in the energy efficiency retrofit program (Title 1, Part E, 
Sec. 164) 

3. Tribal coordination is required in state natural resource adaptation planning (Sec. 369) 

4. BIA’s Trust Natural Resources Program is included as an eligible program for tribal natural 
resources adaptation funding, in addition to Fish Wildlife Service’s (FWS) Tribal Wildlife 
Grants Program (TWGP)(Sec. 370) 

5. Tribes are included in the natural resources fish and wildlife habitats and corridors platming 
provisions (Sec. 371) 

6. Tribal rights to protect First Foods (Sec. 372) 

7. Tribes arc included in drinking water and wastewater system adaptation provisions (Sec. 

381) 

8. Tribal coordination is included in the coastal and Great Lakes adaptation provisions (Sec. 
382(d)(3)) 

9. Tribal authority in electric utility law and regulation is preserved in savings clause (Sec. 
721(d)) 

10. Tribal sel>aside for home heating oil and propane consumers, to be determined by regulation 
(Sec. 774(f)). 

1 1 . Changed the set-aside in the State Energy and Environment Development (SEED) account 
(energy efficiency and renewable) from 1% to 1-3%. (This is important because it 
recognizes the large amounts of renewable energy resources that belong to tribes.) 

12. Increased the tribal set-aside for state (i.e. human) adaptation from 1% to 1-5%. This is 
especially important because it recognizes the significant impacts of climate change on tribal 
communities. 

My testimony is favorable toward S. 1 733, Clean Energy Jobs and American Power Act. I note 
that the draft goes some distance to include Indian governments in state, regional and federal 
decision-making bodies. I urge the Committee to recognize, however, that the process for 
ensuring full Tribal participation must take into consideration the need to recognize the right of 
each Tribal community to make its own decisions based on information they have gathered 
themselves as well as information provided through mechanisms established in U.S. law. 

These provisions have special relevance when considering S. 1733. 
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Additional Issues and Comments by Fawn Sharp, President, QiN 28 October 2009 
On S. 1733, Clean Energy Jobs and American Power Act 

Subtitle E — Miscellaneous (section: 155, 156 and 157) Subtitle F — Energy EfTiciency and 
Renewable Energy, Subtitle H — Clean Energy and Natural Gas, Subtitle B — ^International 
Climate Change Programs, Part E — Supplemental Emission Reductions {Sections 751-752) 
and Subtitle C— Adapting to Climate Change 

Strengths of S. 1733 

S. 1733 takes important steps toward controiiing carbon dioxide and greenhouse gases (GHG) 
for the first time since the government began working to clean the environment and established 
the Environmentai Protection Agency in 1970. 

The Senate measure contains quite a number of improvements over the House version. The 
subpart (i) State and Tribal Climate Change Response Plans encourages Tribal and state 
cooperation in the development of climate change responses and in particular gives latitude for 
specific Tribal geographic, human and ecologic circumstances when it states that Tribal plans: 
“... may vary from those of State climate change response plans to the extent necessary to 
account for the special circumstances of Indian tribes.” Indian reservations contain one or more 
specific ecological niches that are quite different from neighboring areas or other areas of the 
state and places an Indian government in the unique position of having the proximate knowledge 
to best respond to specific affects of climate changes. 

Weakness in S. 1733 

American Indian and Alaskan Native concerns cut across virtually all sections of S. 1733. Some 
of these concerns apply to both S. 1733 and H.R. 2454 (Attachment B). 

Many Indian nations are forest dependent and consequently must be considered an essential part 
of the process of reducing carbon releases into the environment. S. 1733 does not fully respond 
to the important pressures reduced timber cuts will place on timber dependent nations. While 
there is attention to the reduction of deforestation in developing countries and indigenous 
peoples dependent on those forests, there is no equivalent consideration of forest dependent 
sovereign nations in the United States. S. 1733 will benefit from such consideration. 

Tribal Culture is given weight in S. 1733 and I believe it should have greater weight when we 
consider the formulation of regulations and standards for responses to adaptation needs. 

Recommended Changes to S. 1733 

S. 1733 Recommendation; A 5 percent set-aside for Indian tribes to carry out natural 
resources adaptation activities, with ‘A available through the BIA Trust Natural Resources 
Program, ‘A available through the U.S. Fish and Wildlife Service Tribal Wildlife Grants 
Program, and 'A available through the U.S. Department of Agriculture (USDA) Natural 
Resources Conservation Service Program. 
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Additional Issues and Comments by Fawn Sharp, President, QIN 28 October 2009 
On S. 1733, Clean Energy Jobs and American Power Act 

The recommended increase in resources for Indian tribes to undertake natural resource 
adaptation activities, namely from 3 to 5 percent, is to more accurately reflect the land base and 
population of tribes, the high value of undisturbed habitat existing in Indian Country, the high 
value of Indian Country habitat for wildlife, the historical lack of federal financial support for 
tribal conservation and climate adaptation, and the significant need for tribes to build capacity 
for climate adaptation. A distribution of the 5 percent among several federal programs for tribes 
is suggested because there is a significant need for consistent and stable funding for tribal 
adaptation activities. Housing the entire 5 percent under the FWS Tribal Wildlife Grants 
Program would make the funds subject to a competitive program involving the 564 federally 
recognized tribes. As a result, only some tribes would receive funding with the consistency of 
such funding from year to year dependent upon the award of grants. In addition, the TWG 
program uses a portion of the funds for FWS administrative costs which reduces the amount 
available to tribes. The U.S. Department of Agriculture-Natural Resources Conservation Service 
Program for American Indians and Alaska Natives is a suggested program for distribution of a 
portion of the S percent because the program provides valuable assistance to tribal conservation 
efforts, particularly to Alaska Natives and would be a valuable source for climate adaptation 
activities. The Bureau of Indian Affairs Trust Natural Resources Program is a suggested program 
for distribution of a portion of the S percent because the program currently provides funds to 
tribes for conservation and natural resource management work in the areas of fisheries, wildlife, 
water, forestry, agriculture, and other tribal natural resource activities. In addition, the BIA 
program would be an efficient distributor of funds because tribes have self-governance 
compacts, self-determination and/or 638 contracts with the BIA, which streamlines and makes 
efficient the distribution of funds. 

S. 1733 Recommendation; The 17 percent allocation to the Department of the Interior for 
natural resource adaptation activities should be apportioned and distributed on an 
equitable basis based upon land ownership and management, including 16.02 percent of 
the allocation to Indian tribes in accordance with their responsibility for 95 million acres. 

While S. 1 733 provides a 1 7% allocation for use by the National Park Service (NFS), U.S. Fish 
and Wildlife Service, Bureau of Land Management (BLM), and Bureau of Indian Affairs, the 
Act does not provide any clarity on how the 17% would be apportioned. In light of the historical 
inequity of federal funding to Indian tribes for natural resources, it is critical that S. 1 733 ensures 
that tribes receive an equitable share of the allocation. Tribes have treaty rights to own and 
manage 95 million acres of land in the United States, as well as have treaty rights to Traditional 
and Accustomed Areas outside the boundaries of Indian reservations. On the 95 million acres for 
which tribes have ownership and management as well as treaty rights, Indian tribes have both 
sovereign authority and the responsibility to manage the natural resources, wildlife, and other 
ecological resources. Thus, at a minimum, tribes should receive an allocation of the funds 
intended for natural resource adaptation activities in proportion to the lands for which they both 
have treaty rights and ownership and management. Accordingly, it is important that the funds 
available for use by the National Park Service, U.S. Fish and Wildlife Service, Bureau of Land 
Management, and Bureau of Indian Affairs be allocated under a formula that provides tribes with 
an allocation that, at a minimum, reflects the amount of land for which they have treaty rights 
and ownership and management (see Attachment A). 
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On S. 1733, Clean Energy )obs and American Power Act 

$. 1733 Recommendalion: Flexibility and equity must be ensured in the apportionment and 
distribution of the Land and Water Conservation Fund (LWCF) made available on a 
competitive basis to Indian tribes and States by conducting consultation among the DOI, 
USDA, Indian tribes, and States. This will be ensured by determining apportionment and 
distribution via consultation and coordination among tbe Secretary of tbe Interior, 
Secretary of Agriculture, Indian tribes, and States in accordance with Executive Order 
t317S of November 6, 2000 - Consuitation and Coordination With Indian Tribal 
Governments. 

While Indian tribes support providing 1/3 of the Land and Water Conservation Fund (1/6 
through the Interior Department plus 1/6 through the Agriculture Department) on a competitive 
basis to states and Indian tribes to carry out adaptation activities through the acquisition of land 
and interests in land under section 6 of the LWCF, there is a legitimate concern among tribal 
leaders that restricting those funds to acquisition of land limits the potential adaptation activities 
that could be carried out by their respective tribes. It is therefore recommended that more 
flexibility be built into the use of LWCF monies by adding “and other activities” to the language. 
In addition, making LWCF monies available to States and Indian tribes on a competitive basis 
provides no guarantee that the nation’s more than 560 tribes would receive an equitable share. 
Thus, it is recommended that apportionment and distribution of funds would be determined in 
consuitation among the Interior/Agriculture Departments, Indian tribes, and States. 

S, 1733 Recommendation; Provisions must be made for taking tribal traditional knowledge 
into aeeount, consistent with tribal eoneems over confidentiality and protection of their 
rights to such knowledge. Wherever S. 1733 makes a reference to the use of the "best 
available scienee” or "scientific knowledge" or to the collection or evaluation of 
information or data, scientific or otherwise, the reference should also include tribal and 
other indigenous peoples’ traditional knowledge. Provided, however, that such knowledge 
must be protected from misappropriation and can only be accessed and used with the free, 
prior, and informed consent of the tribe or other indigenous peoples involved. 

Traditional systems of knowledge are grounded in cultural ways that have evolved over many 
lifetimes. Native science is demonstrated through the test of time long preceding the existence of 
the United States to favorably maintain a balance between human needs and the capacity of 
nature to meet them. Each tribal community remains rooted in traditional systems of knowledge 
and native sciences that must become a co-equal influence in decisions concerning policy and 
regulations addressing mitigation and adaptation to the adverse effects of climate change. Native 
science and conventional science together enhance human capacity to effectively address 
changing climate. 

Climate legislation must acknowledge the importance of tribal traditional knowledge in assessing 
and addressing climate change, and must adopt measures to protect that knowledge. Tribal 
traditional knowledge has many dimensions of spirituality, sacredness and cultural privacy. In 
many cases, the appropriate relationship will require that traditional knowledge be used in a co- 
management context and not shared with federal agencies. Traditional adaptation technologies 
and genetic resources for agricultural adaptation may have significant commercial value, and 
should be protected from misappropriation and accessed only under the principle of free, prior 
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and informed consent as agreed to in the Convention on Biological Diversity (CBD) and the 
United Nations Declaration on the Rights of Indigenous Peoples (UNDRIP, 2007). 

S. 1733 Recommendation: We are pleased to note that the Chairman’s proposed 
amendment to S.1733 released this past Friday protects Indian tribes’ rights to First Foods. 
Consistent with the Naturai Resources Climate Change Adaptation Policy under Section 
472 and the Natural Resources Climate Change Adaptation Strategy under Section 476, 
Federal departments and agencies, States, and Indian tribes will ensure communication 
and coordination to protect Indian tribes’ treaty-reserved gathering rights of First Foods, 
with the term First Foods meaning roots, berries, and plants. 

Climate change potentially has serious adverse effects on the abundance, quality and availability 
of living resources that tribes reserved to sustain their cultures through species range shifts, 
extirpation, extinction and ecological change. Particular attention should be given to ensuring 
continued tribal access to first foods, traditional medicines, ceremonial and ritual species, and 
other species required by tribes to sustain their cultures, health, well-being, identities and 
economies. 


Request Opportunity to Supplement Comments 

Since S, 1 733 is still under development and I have not been able to review the complete 
proposed amendment released on October 23“’, I request that the Committee’s record remain 
open to afford the opportunity to provide additional comments after the hearing and with further 
in-depth review of legislative proposals. 

Impacts of Climate Change on American Indians 

Indigenous peoples, including American Indians, Alaska Natives, and Hawaiian Natives, are 
among the most vulnerable to the adverse effects of climate change in the world. This fact is 
recognized by the Intergovernmental Panel on Climate Change. In the United States, according 
to the Genera! Accounting Office, eighty-six percent of Alaska Native Villages are threatened by 
flooding and erosion because of warming temperatures and 3 1 villages are imminently 
threatened, and 12 villages have opted to relocate permanently. A few years ago, several Indian 
Tribes in southeast Louisiana were devastated by hurricanes KaUina and Rita including United 
Houma Nation, the Pointe-au-Chien T ribe, the Isle de Jean Charles Indian Band of Biloxi- 
Chitimasha, the Grand Caillou-Dulac Band and the Biloxi-Chitimasha Confederation of 
Muskogees. Tribal communities in this country are becoming climate change refugees. 

Since 1 928, my neighbor to the North the Hoh Tribe has been plagued with flooding every ten 
years. The result is severe soil erosion that has reduced the reservation from 443 acres to 400 
acres; the loss of approximately 800 feet of tribal lands along an 1 800-feet stretch of the Hoh 
River. For more than a decade the Hoh Tribe has been aggressive in efforts to get the reservation 
relocated before extreme river flows, increases in sea level, or a tsunami completely washes the 
land, the people and the future of the Hoh Tribe into the ocean. 
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The homelands of ali Tribes that live in lowlands near the oceans and rivers will suffer from 
rising sea levels, increasing acidification, and extreme weather and water flows expected to 
result from climate change. In the southwest and plains states. Tribes will need to contend with 
problems from drought and water supplies. Long neglected housing, energy efficiency, 
sanitation, education, public safety, and employment needs can be expected to become even 
worse as climate change affects our communities. The fish, wildlife, foods, and medicines that 
our communities still rely upon will be affected. For example, tribes heavily dependent on fish 
for economic and cultural vitality are facing a substantial loss of salmon and trout habitat across 
the U.S. in the next 40 to 80 years. 

On a flight early in October to inspect the status of the glaciers in the Quinault and Queets river 
systems, I was dismayed to see the demise of Anderson Glacier, the source of the Quinault River 
and clean, cool water required to sustain the Chinook salmon that return to our rivers in the 
springtime. We have watched for a number of years the rapid retreat of this glacier, but its quick 
end still comes as a shock. The other glaciers in both river watersheds are also in retreat and 
many areas once covered by permanent snowfields are bare. Our forests are threatened with 
catastrophic loss from drought, wildfires, insects, and disease. The fresh water that serves as the 
life-blood of Tribal communities is becoming increasingly scarce and polluted. 

The Quinault Nation has undertaken an initiative to proactively deal with prospective 
uncertainties and impacts of climate change by developing risk assessment, preparation, 
adaptation, and mitigation plans by July of 2010. These plans are to identify and prioritize the 
values to be protected, using a combination of western science and traditional knowledge. 
Natural resources, our fish, forests, wildlife, and water are vital to our culture, economy, and 
continuity as a community. We rely upon these resources to provide employment, economic 
opportunity, income, foods, and medicines. 

Because of chronic underfunding of our natural resource programs, our ability to prepare and 
mitigate for effects of climate change are extremely limited. We have had to take extraordinary 
efforts to cobble together staff and resources from many different sources to undertake critical 
projects. For example, we recently completed the first phase of a long-term project to restore 
ecosystem functions in the Upper Quinault River through the installation of engineered log jams 
through a cooperative effort with the National Park Service, Forest Service, local property 
owners, and others. The Quinault Nation assigned this long-term, expensive, project a high 
priority to protect our Blueback (a unique run of sockeye), which has sustained our culture and 
economy for millennia, from continued degradation of habitat from development and water 
flows that have become increasingly extreme in recent years. The project, designed to stabilize 
flows and channel structure from extreme flows, provides spawning and rearing habitat for 
salmon, and protects roads and property from excessive erosion, will require several years, and 
millions of dollars to complete. Thankfully, members of the Administration and Congress 
have been very supportive. 

American Indians are now and have been for decades coping with the effects of changing 
climate. Our elders have warned for decades about the consequences of disrespect for Mother 
Earth. We witness first hand, the degradation of our lands, waters and resources. We have seen 
radical changes in the environment and the heaith of our peoples. We have seen increasing rates 
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of chronic diseases as the United States has industrialized and produced greenhouse gases and 
toxins in the air, water and soils over the last ISO years. Our Tribal communities are not 
significant producers of carbon dioxide or greenhouse gasses, yet we must bear the 
consequences. 

At the same time, tribal lands hold vast renewable energy potential, capable of providing a 
significant percentage of the nation’s energy needs. The experience and traditional knowledge 
that has sustained our communities for thousands of years can and must inform research, 
plaiuiing, adaptation, and mitigation for climate change. Our traditional practices are inherently 
time-tested, climate resilient and sustainable. They must be accorded due recognition and 
support. 


Tribal Support for Climate Change Legislation 

Tribes have consistently sought legislative remedies through the U.S. Congress to address 
climate change trends, and fhinkly it has been a steep hill to climb. We are now eager to 
contribute to solutions in S. 1733 that are both comprehensive and responsive to the needs at the 
ground level where “Climate Change’’ is having the greatest impact. 

We are heartened that the S. 1 733 and H.R. 2454 have recognized the nation-to-nation 
relationship between the federal government and tribes, by including us in many critical 
provisions, like renewable energy, domestic adaptation, and natural resources adaptation. This is 
a good start to ensuring that Indian tribes are full and sovereign partners in the crafting and 
implementation of policies, standards, programs, and regulations. However, much more needs 
to be done; in recognition of the disproportionate impact climate change has upon us, the 
historical inequities in funding provided to tribes compared to states, our nation-to-nation 
relationship, and the federal government’s trust responsibility to Indian tribes. 

We seek to be meaningful partners in climate change programs. We seek equitable shares of the 
allocations provided to states and tribes for the provisions relating to renewable energy, energy 
efficiency, domestic adaptation, and natural resources adaptation. We ask that this funding 
account for the vast diversity of tribal circumstances, not only by supporting programs that 
provide on-the-ground solutions, but opportunities for tribes to build their institutional capacity. 

For example 1 suggest that tribes deserve more than 1% of the allocation provided to states and 
tribes for renewable energy development for their peoples and the U.S. as a whole. 

Wind and solar potential on tribal lands can provide a significant percentage of the nation's 
energy needs; yet, the Tribal Indian Energy Development and Self-Determination Act (Title V of 
the Energy Policy Act of 2005) has never been meaningfully funded, but $3.1 billion has been 
provided to States under the State Energy Program efficiency vast renewable energy potential on 
Indian lands. Over 1 1% of tribal homes have no access to electricity and the Recovery Act 
provided no direct funding to tribes for renewable energy projects. When we produce more 
energy than our communities requite, we will access markets and electrical grids to help 
contribute to state and regional needs. 
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1 also suggest that tribes receive more than 5% of the allocation provided to states and tribes for 
domestic adaptation, and 5% of natiual resources adaptation to enable disproportionate impacts 
of climate chsmge on tribal infrastructures and natural resources. This is entirely reasonable and 
justified. The federal government has recognized that Indian Country has a housing shortfall of 
200,000 homes. Indian forest land receives only a fourth of the per acre funding provided for 
national forests. Only a handful of the 564 federally recognized tribes are engaged in adaptation 
planning, compared to over 60% of states. 

Climate change poses an imminent threat to tribal ways-of-life, which are dependent on the land, 
water, and wildlife that have been fundamental to tribes for thousands of years. Tribal life is 
intrinsically connected with the land and the living beings that reside on it. Tribal cultures are 
based around the preservation and use of the natural resources on which tribal communities 
depend. 

Tribal livelihoods often depend directly on the natural resources that are being adversely 
impacted by climate change. Tribes whose cultures and economies rest on the availability of 
aquatic species such as salmon are seeing smaller populations every year. Prolonged droughts 
and intensified floods brought on by climate change are destroying riparian habitat, depleting 
food sources and eliminating fish spawning grounds. Coastal tribes that have depended on 
fishing for centuries are now facing an imminent challenge to their cultures and ways of life. As 
temperatures increase with climate change, our forests will become more vulnerable to 
catastrophic loss from wildfire, insects, and disease. Water for our communities and crops will 
become increasingly scarce and competition for limited supplies will become fiercer and more 
intense. The productivities, migration patterns, and ranges of wildlife, birds, and plants will be 
altered and our ability to adapt will be limited by the boundaries of our reservation lands. 

Climate change will affect nearly every aspect of mu' lifeways. 

Few people realize the role American Indians and Alaska Natives have played in managing and 
protecting natural resources and wildlife. Thus, despite having some of the most pristine and 
undisturbed habitat in the United States, tribes have been historically underfunded for wildlife 
and natural resource conservation. 

The lack of coordination by the federal government to develop a plan and preliminary strategy 
about climate change has impeded all tribal efforts to have a voice in the discussion and to 
participate in developing the agenda. I request that this Committee direct the Government 
Accountability Office (GAO) to prepare a report on “Climate Change and Tribal Nations in the 
Lower 48”. There have been two GAO reports on the impacts of climate change to Alaska 
Native Villages, once in 2003 and again in 2009. Such a report would document for Congress 
and the Administration the widespread cloud of destruction that awaits our reservations, our 
people and our livelihood. 

We urge you to facilitate and support an active role for tribes in shaping the future of our 
country. The experience and traditional knowledge that has sustained our communities for 
thousands of years can and must be valued as integral informed research, planning, adaptation, 
and mitigation for climate change. 
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The federal government has a profound trust responsibility to act in the best interest of tribes, 
preserving the perpetual rights set forth in the treaties and other agreements that our ancestors 
signed. When our ancestors signed those treaties, the federal government was expected to honor 
its promises forever. 

Confronting global warming requires not only the best available science, but should incorporate 
the traditional knowledge of the peoples who have had the longest relationship with America's 
natural resources. Traditional knowledge is the product of continuous practice over countless 
generations, developed through years of observation and experience, to balaiKe the needs of the 
people with the capacity of the environment to meet them, and, to adapt to changing conditions. 

We urge that you recognize the necessity for including American Indians, Alaska Natives and 
Hawaiian Natives, as lull partners and essential sovereigns when crafring policies, standards, 
programs, and regulations. We urge you to facilitate and support an active role for tribes in 
shaping the future of our country. The experience and traditional knowledge that has sustained 
our communities for thousands of years can and must be valued as integral informed research, 
planning, adaptation, and mitigation for climate change. 

We trust that the United States will respect our territorial sovereignty over our lands and 
resources, in accordance with nationally and internationally recognized rights of indigenous 
peoples in the United States and throughout the world. Tribal nations must be allowed to benefit 
directly and equitably from revenues generated by international, federal, regional, state or local 
efforts to control greenhouse gas emissions. Measures to control greenhouse gas emissions must 
be based on targeted reductions connected to causes and remedies for the effects of climate 
change, and not transfer costs to tribal communities in the United States or elsewhere. Tribal 
peoples, communities, lands and the resources on which we culturally, traditionally and 
economically depend must not be victimized in federal efforts to support renewable energy and 
energy efficiency. 

We seek to share equitably in funding provided under climate legislation to enable our 
communities to plan, prepare, adapt, and mitigate for future effects of climate change. We want 
to help the United States contend with climate change at local, state, regional, federal and 
international levels and to contribute to the attainment of national goals for energy independence 
and security. 

When considering legislation pertaining to climate, we urge that you take an approach that 
involves a comprehensive, integrated strategy to control accumulations of green house gases and 
includes measures to help meet national needs for energy independence and security. 
Development of clean, affordable energy and renewable fuels and programs to improve energy 
efficiencies will be vital to the future capacity of Tribes to cope with climate change. 

I also urge this Committee to continue to invite active Tribal participation in future discussions 
and negotiations on S. 1733 to ensure full and comprehensive coverage of our social, economic, 
political and cultural interests. We further ask Congress to provide direct technical and financial 
support to Tribal governments to enable full tribal participation in the development of policies 
and standards, preparation of plans, and operation of programs to help tribal and other native 
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communities cope with climate change. Such support is necessary also to ensure that our nations 
benefit from opportunities to participate in emerging markets for clean, renewable energy. 

S. 1733 must be both responsive to deal with immediate affects of climate change and it must be 
proactive to address longer-term threats to Tribal peoples and communities. Tribal priorities for 
climate legislation developed by a consortium of Tribal governments and organizations are 
attached to my testimony for your consideration and reference. I have highlighted some key 
areas and provided suggestions for specific language in my written testimony submitted for the 
record. 

Rights and Interests of Indigenous Peoples 

S. 1733 contains language important to the interests of Indian peoples and can have significance 
for the benefit of indigenous peoples the world over. I suggest that S. 1733 should include 
language consistent with internationally recognized human rights, particularly recognizing the 
right of indigenous peoples to exercise free, prior and informed consent in all matters related to 
Climate Change. This is a necessary aspect of self-government and it is essential for the full 
participation of indigenous peoples in the formulation of local, state, regional, federal and 
international laws, regulations and standards. 

I wish to call the Commihee’s attention to Division A Title 3, which contains several provisions 
relating to international climate change programs, support for developing countries and 
involvement of indigenous peoples working to address the affects of climate change. The central 
concern we have is that developing countries receiving support from the United States must 
respect the right of indigenous peoples to free, prior and informed consent consistent with 
international laws and agreements. Furthermore, we believe that this well-recognized standard 
must become a part of Title 3 in clear terms to ensure that U.S. support does not violate the 
human rights of indigenous peoples. 

It is a well established international human rights standard that states shall consult and cooperate 
in good faith with the indigenous peoples concerned through their own representative institutions 
in order to obtain their free and informed consent prior to the approval of any project affecting 
their lands or territories and other resources particularly in connection with the development, 
utilization or exploitation of mineral, water or other resources. 

Because of the extreme vulnerability of indigenous peoples in the developing world, just as we 
experience the same vulnerabilities in North America to rights violations that could otherwise 
result from climate change mitigation and adaptation activities, the Quinault Nation believes that 
agreements with developing countries and other entities seeking offset credits or project funding 
must require; 

a) respect for the nationally and internationally recognized rights of indigenous peoples 
including the right of self-determination 
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b) provision for prompt and fair demarcation of the boundaries of, and recognition of 
the collective rights of indigenous peoples to, their lands, territories, and natural resources 

c) engagement of indigenous peoples, through their respective institutions, in effective 
consultation and good faith cooperation, and provides for their fbll and informed participation in 
the design, planning, implementation, monitoring and evaluation of any project or activity in all 
areas that may be affected by the project or activity 

d) transparent processes with third party oversight, in order to ensure that indigenous 
peoples receive the full value to which they are entitled under any project or activity 

These provisions must be a condition of any offset credits granted and any project funding aimed 
at reducing deforestation. In addition, we strongly urge that the United Nations Declaration 
language regarding "free, prior and informed consent “ become a part of the legislation’s 
consideration of Reducing Emissions from Deforestation and Forest Degradation (REDD) and 
indigenous peoples. 

The Quinault Nation supports the international standard that indigenous peoples have the right to 
determine and develop priorities and strategies for the development or use of their lands or 
territories and other resources and urge that S. 1733 embrace standards to ensure the dignity of 
indigenous peoples. The Quinault Nation believes that these standards apply to indigenous 
peoples under Division A, Title 3 and these standards should be no less applicable to indigenous 
peoples in the United States throughout the bill. 

Indeed I urge the Committee to consider an amendment to S. 1733; U.S. Indigenous Peoples: 
American Indians, Alaskan Natives and Hawaiian Natives as you consider markup. On tehalf of 
the Quinault Nation, I offer the following language for your consideration: 

SUBTITLE: U.S. Indigenous Peoples 

There is no distinction between “American Indians, Alaskan Natives and Hawaiian Natives" and 
“indigenous peoples” elsewhere within the context of this law, international treaties and 
agreements. 

SEC 001. Findings. 

(a) Climate-driven changes to weather, water, food, natural resources, and landscapes can 
profoundly affect the lifeways, social identity, and cultural survival of tribal and native 
communities. 

(b) Renewable energy potential on tribal lands is extensive. According to the Department of 
Energy (DOE), wind energy capacity on tribal lands is more than 20 percent of the United State- 
installed electric power generated in 2004, and the solar energy potential on tribal lands is four 
and one-half times the current annual U.S. electric generation. Developing this potential has 
tremendous and multiple United States and tribal benefits: economic development, energy 


12 



882 


Additional Issues and Comments by Fawn Sharp, President, QIN 28 October 2009 
On S. 1733, Clean Energy Jobs and American Power Act 

independence, green jobs, poverty reduction, greenhouse gas reductions, and access to energy 
resources. Tribes and native communities can and must be meaningful participants in the United 
States ciean energy revolution. 

(c) Climate-reiated policies and programs are being developed at international, national, 
regional, and state levels without the participation or informed consent of indigenous peoples. 
The imposition of such externally-formulated climate change policies and programs may infringe 
upon tribal territorial sovereignty, undermine biological and cultural diversity and fail to respect 
tribal rights to equitably benefit from the amenities and values provided by their lands and 
resources. 

(d) American Indians, Alaskan Natives and Hawaiian Natives (tribal governing bodies) are 
distinct political entities that possess inherent sovereign authority, including primaryjurisdiction 
over their peoples, territories and resources. Tribal governing bodies have the right for their 
people to enjoy the highest attainable self-defined standards of physical and mental health and 
determine the risks to the tribal population's physical and mental health. 

(f) Indigenous peoples have the right to benefit directly and equitably from revenues generated 
by international, federal, regional, state or local efforts to control greenhouse gases emissions 
based on target reductions connected to causes and remedies for the affects of climate change. 
Tribal peoples have been historically left out of federal efforts to support renewable energy and 
energy efllciency. States have received at least S7.2 billion through the Department of Energy’s 
State Energy Program (SEP) since 1 975, including $3. 1 billion under the American Recovery 
and Reinvestment Act of 2009 (ARRA). in comparison, DOE’s Tribal Energy Program (TEP) 
has received $16.5 million since 2002, including zero dollars ($0) under the ARRA, or the 
equivalent of 0.023% of SEP funding. Further, for decades federal efforts to assist states and 
local governments regarding weatherization, building codes and other energy efficiency 
measures have generally overlooked Indian tribes. The “Indian Tribal Energy Development and 
Self-Determination Act of 2005” in Title V ofthe Energy Policy Act of 2005 was designed to 
create the federal and tribal infrastructure, funding and services to begin to address these 
disparities. To date, this Act has not been meaningftilly implemented or funded. 

(g) American Indians, Alaskan Natives and Hawaiian Natives are disproportionately affected by 
climate change due to a dependence on natural resources for economic and cultural purposes. 
They are located in areas prone to extreme weather events (as recognized by the United Nations 
Intergovernmental Panel on Climate Change) as well as the relative vulnerability of tribal 
infrastructure and services. 

(h) American Indians, Alaskan Natives and Hawaiian Natives have been excluded from or 
insufficiently included in a diverse array of federal programs related to climate change mitigation 
and adaptation, such as renewable energy development, energy efficiency, adaptation strategies, 
and natural resource management. 
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SEC 002. Governing Authority over Territories and Lands 

(a) The Congress and the Administration shall not impose restriction or regulations on American 
Indian, Alaskan Native or Hawaiian Native peoples and territories on matters pertaining to 
climate change or presume that tribal lands and resources will be managed to provide broad 
societal beneflts or objectives without the free, informed, and prior consent of tribal governing 
bodies. All measures shall be undertaken to preserve and enhance biological and cultural 
diversity in tribal territories and adjacent territories. Tribal territories and resources shall not be 
used to compensate for costs of environmental degradation caused by non-tribal societies around 
them. 

(b) Each tribal governing body has the right to enact such laws and regulations as appropriate 
and adopt mitigation and adaptation plans within in its jurisdictional authority as it deems 
necessary to protect and advance the social, economic, political and cultural welfare of their 
communities in matters pertaining to climate change. Tribal governing bodies may adopt laws, 
regulations and plans pertaining to renewable energy standards and portfolios (Subtitle A), the 
emission, capture, and sequestration of green house gases (Subtitle B), smart grid advancement 
(Subtitle E), and energy transmission plans and rates (Subtitle F). Each tribal governing body 
has the prerogative to determine and apply best available science, including native sciences and 
conventional sciences, according to their cultural requirements consistent with the right to 
determine and identify priorities and strategies for the development or use of their lands or 
territories and other resources. 

(c) Tribal laws, regulations, and plans pertaining to climate change shall be recognized as 
authoritative and determinative as to the risks, values and benefits associated with measures to 
adapt to, or mitigate for, climate change effects within the territorial jurisdiction of tribal 
governing bodies. 

SEC 003. Participation by Tribai Governing Bodies in Ciimate 
Adaptation and Mitigation Programs 

(a) Renewable energy and energy efficiency. 

(1) A Tribal Energy and Environmental Development Fund is hereby established. 

(2) Funding up to the amount of [funding level to be determined] is hereby authorized for 
operation of the Tribal Energy and Environmental Development Fund, including [funding level 
to be determined] for the Department of Energy’s Tribal Energy Program. 

(b) Mitigation and Adaptation. 

(1) A [to be determined%] set aside for federal programs for mitigation and adaptation measures 
affecting tribal communities. 

(2) The set-aside shall be distributed across applicable federal programs to ensure 
comprehensive, consistent, and sustainable funding for tribal natural resource adaptation 
activities. 
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SEC 004: Intergovernmental Cooperation in Policy Formation 

(a) The Administration is directed to provide for official representation by American Indians, 
Alaskan Natives and Hawaiian Natives on delegations of the United States or as delegations in 
their own right with recognized governing status, according to each delegation’s choosing, in 
international forums engaged in the formulation, authorization and implementation of treaties, 
policies, rules, and programs relating to climate change. Where appropriate, the Administration 
shall provide funding for travel and expenses for U.S. indigenous delegations to international 
sessions. 

(b) The Administration is directed to support representation by other indigenous peoples of other 
countries in international forums engaged in the formulation, authorization and implementation 
of treaties, policies and programs relating to climate change 

(c) Regional and sub-regional bodies involving climate change initiatives undertaken by state 
governments which encompass tribal territories and resources shall include representation on a 
proportional and weighted basis by American Indians, Alaskan Natives and Hawaiian Natives, as 
appropriate. 
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ATTACHMENT A 

THE IMPORTANCE OF NATURAL RESOURCES TO TRIBES 

There are 564 federally-recognized American Indian tribes and over 300 reservations in the 
United States. Land represents one of tribes’ greatest assets. Tribes own and manage 95 million 
acres, which is 1 1 million acres more than the National Park Service. Tribal lands contain more 
than 997,000 acres of lakes and impoundments, over 13,000 miles of streams and rivers, and 
over 18 million acres of forested lands. Tribes operate approximately 1 14 fish hatcheries, with 
many producing threatened or endangered Fish species. Tribal lands provide vital habitat for 
more than 525 federally listed plants and animals, many of which are both ecologically and 
culturally significant to tribes. 

Unfortunately, tribes are not eligible for funding under federal wildlife and Fishery restoration 
programs such as the Federal Aid in Wildlife Restoration Act (Pittman-Robertson) or the Federal 
Aid in Sport Fish Restoration Act (Dingell-Johnson) that fund activities through an excise tax on 
hunting and Fishing equipment - even though they pay this tax like all other citizens. Tribes are 
also ineligible for Section 6 funding under the 1973 Endangered Species Act (ESA), as amended. 
Although tribal members pay taxes that support this funding as well, they remain excluded from 
receiving the benefits and only states are allowed to access these funds. 

The BIA programs also fund some natural resource management programs for tribes, but 
consistent Federal budget cuts to BIA for more than a decade have diminished resource 
management capacity by an increasingly signiFicant amount. Nearly a decade ago, the BIA 
reported that tribes had over $356 million of unmet annual needs for natural resource 
management on their lands. Since that admission, in each successive year, all funding 
mechanisms have remained flat or declined. 

In 2002, Congress authorized the FWS to provide funding to tribes under the Tribal Wildlife 
Grant Program and Tribal Landowner Incentive Programs (TLIP). Tribal proposals for support 
frequently total more than $30 million annually. Yet these programs combined have only 
provided an average of $7 million dollars annually to tribes. With 564 federally recognized 
tribes, competition is severe among tribes. Individual tribes rarely receive sufficient hinds to 
fully support important conservation efforts. 

In fiscal year 2007, only 35% of tribal proposals received funding under the TWGP (38 
proposals funded out of 1 1 0 submitted). As another example, in FY 2003, in the FWS Northeast 
Region, 9 tribes submitted TWGP proposal requesting $1.4 million, but only 4 (or 44%) were 
funded for $481,554 (or 34% of the requested amount). In FY 2009, FWS funded 40% of the 
proposals submitted to the TWGP (41 proposals funded out of 101 submitted). FWS awarded $7 
million to tries with a meager average award of $ 1 70,000. 
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Conservation Funding for Tribes vs. States, 2003-2009 
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State funding includes the (J.S. Fish Sl Wildlife Service (FWS) Wildlife and Sport Fish 
Restoration Program and tribal funding Includes FWS Tribal Wildlife Grants Program and Tribal 
Landowner Incentive Program. 


In FY 2009, states received $740,924,388 from the Federal Aid in Wildlife Restoration Act and 
the Federal Aid in Sport Fish Restoration Act. Thus, the $7 million tribes received from the 
TWGP was less than 1% of the amount states received. From 2003-2009, states have received 
67 times more funding than tribes for fish & wildlife conservation, or $4.06 billion for states and 
only $60.2 million for tribes. 


Tribal lands contain some of the most pristine and undisturbed land and cultural 
resources in the United States, and thus provide wildlife with some of the best habitat in the 
nation. Despite the historic underfunding of tribes for wildlife and natural resource conservation, 
tribes are leaders in managing and protecting their resources. With the current and projected 
impacts of climate change, tribes will face significant new challenges to sustaining their natural 
resource management activities as well as planning and implementing climate change adaptation 
measures. S. 1733 provides an opportunity for the federal govenunent to partially rectify the 
historic inequity of natural resource funding to American Indian tribes and Alaska Natives. As 
sovereign nations and managers of 95 million acres of land, it is vital that S. 1733 provide Indian 
tribes the financial resources and assistance for natural resource adaptation on tribal lands. 
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ATTACHMENT B 

TRIBAL PRIORITIES FOR SENATE CLIMATE LEGISLATION BASED 
UPON THE AMERICAN CLEAN ENERGY AND SECURITY Aa 

(ACESA) 


Title 1 - Clean Energy 

Title I spurs clean energy generation, energy efficiencies and greenhouse gas reductions 
through programs and initiatives including among other things: a Combined Efficiency 
and Renewable Electricity Standard that mandates gradually increasing percentages of 
energy generation from renewable energy or energy savings,(to be 20% in 2020); a 
national program to bolster the implementation of Carbon Capture and Sequestration 
technologies; Clean Transportation such as promotion of clean vehicles, electric vehicles 
and related infrastructure; support for state renewable energy and energy efficiency 
activities, and development of smart grid, and transmission planning. 

Indian Tribes can and should be meaningful contributors to the nation’s transition to 
clean energy and energy independence. Tribal lands compromise over 4% of the nation’s 
land base and contain 10% of the nation’s energy resources. According to the 
Department of Energy, Tribal wind potential can provide 20 percent of the installed 
electric power that was generated in the United States in 2004. Tribal solar energy 
potential can provide 4.5 times the installed electric power that was generated in the 
United States in 2004. Renewable energy is one of the most significant economic 
development opportunities available to Tribes during these difficult economic times, 
particularly Tril«s in remote areas which have to date never experienced economic 
opportunity. 

However, the Tribes’ ability to participate is challenged by a variety of factors; 

• The federal government has yet to provide Tribes support for renewable energy 
activities that is even remotely comparable to that provided to states over a period 
of a number of years, constraining Tribal capacity to engage in these activities. 
DOE has provided states S7.2 billion in funding under their State Energy 
Program, since 1975, including $3.1 billion under the Recovery Act. In contrast, 
DOE’S Tribal Energy Program has received $22.5 million since 2002 and $0 
under the Recovery Act; 

• Indian Tribes are not sufficiently involved in national and regional planning 
efforts regarding access and improvements to the electricity grid; 
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• Indian Tribes do not have adequate access to financial incentives for renewable 
energy deployment, such as production and investment tax credits, loan 
guarantees, and bonds; 

• Leasing, siting, and pemiitting issues in Indian Country hamper the deployment 
of renewable energy projects; and, 

• Indian Tribes dependent upon non-renewable energy sources for revenue to serve 
their communities/peoples are particularly vulnerable in this transition. 

While the ACESA provides Indian Tribes some opportunities to participate in the Clean 
Energy Title, and are provided a modest amount of funding, improvements are needed, 
including: 

• Increasing the current Tribal set-aside of 0.5% of the allowances provided to 
states and Tribes for renewable energy and energy efficiency activities, to 5%. 
(Sec. 132). Furthermore, that set-aside should allow Tribes to build capacity, 
receive the allowances directly or through the auctioned revenue, and have the 
opportunity to receive funding where applicable, on a non-competitive basis. 
(Sec. 133); 

• Ensuring that national and regional transmission planning includes Indian Tribes; 

• Providing Tribes equitable access to financial incentives for renewable energy 
production, such as the transfer of production and investment tax credits; an 
extension of the accelerated depreciation allowance; streamlined processes for 
leasing, rights of way, and environmental reviews on Indian lands; and, 

• Providing specific assistance and incentives to Indian Tribes dependent upon non- 
renewable energy sources for revenue needed to serve their people. 

Title II - Energy Efficiency 

Energy consumption associated with buildings accounts for nearly half of the greenhouse 
gas emissions in the United States. Improving the energy efficiency of buildings is one 
of the most inex[Mnsive and accessible ways of reducing greenhouse gas emissions. 
Among other things, this title: establishes new energy effieiency standards for buildings 
as well as lighting products, commercial furnaces, and other appliances; harmonizes 
federal ^el economy standards and enact programs to reduce transportation-related 
energy consumption; increase the efficiency of water use; and promote energy savings by 
the federal government and other public institutions. 

While Tribes are included in some sections, they are excluded from several critical ones. 
For example. Sec. 201 establishes a national building code and energy efficiency targets 
for residential and commercial buildings that would achieve at least 7S percent reductions 
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from those baselines by 2030. Tribal governments have the authority to establish and 
enforce Tribal building codes, and many do, but are not provided the levels of technical 
and financial assistance provided to states and local governments to adopt these codes 
and meet targets. Tribes have historically been excluded from federal financial support 
for code development and implementation, and tribes should be provided 5% of these 
allowances to engage in these activities as well. In addition, Indian tribes are not 
included among other things, in; the Retrofit for Energy and Environmental Performance 
(REEP) program (Sec. 202): rebates for manufactured homes (Sec. 203); a grant 
program to support enforcement of community building codes (Sec. 207). Top priorities 
include: 

• Tribal inclusion in energy efficiency programs, including Sections 201, 202, 203, 
207; 

• S% of the allocations currently provide to states to adopt and comply with the 
national building code; and, 

• Tailoring to the fullest extent possible, such programs into related existing 
programs in coordination with the relevant federal agencies, such as Department 
of Housing and Urban Development (HUD), BIA, and the Indian Health Service 
(IHS). 

Title III - Reducing Global Warming Poilmlon 

This title would mandate the reduction of national GHG emissions by adding a new Title 
VII to the Clean Air Act. This new title would call for GHG emissions reductions below 
2003 levels by 1 7 percent in 2020 and by 83 percent in 2050. Such emissions reductions 
would be accomplished through a national cap-and-trade program, although 2 billion tons 
annually in domestic and international emissions onsets could serve as substitutes for 
some of these reductions. In addition, developing countries could receive allowances for 
reducing GHG emissions from deforestation. With respect to international efforts, the 
title’s current provisions are much too weak to adequately protect the rights of indigenous 
peoples, and also fail to acknowledge the status of such peoples as sovereign entities. 

Like other titles under the ACES A, Title III fails to adequately address the needs and 
concerns of Indian tribes. As such, the top priorities for Indian tribes in relation to Title 
III should: 

• Provide Indian tribal governments heavily dependent on revenue from non- 
renewable energy production and/or the royalties from such activities, with 
allowances to ease the impacts upon their ability to provide services to their 
peoples; 

• Provide Indian tribes with a five percent set-aside of the allowances made 
available to states to help offset any increased costs to home heating oil, propane, 
and kerosene; 
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• include Indian tribes in addition to states and local governments as the list of 
eiigible govenunents to receive ailowances to support the deployment of 
renewable energy infi^tructure; and, 

• Make clear that all international activities to reduce GHG emissions must be 
conditioned on a recognition of, and protection of, the national and international 
rights of indigenous peoples. 

Title IV - Transitioning to a Clean Energy Economy 

Title IV focuses on three major categories: I) Reducing industrial emissions; 2) Green 
jobs and worker transition; and 3) Domestic, Natural Resource, and International 
Adaptation to Climate Change. While Title IV provides a number of provisions to assist 
tribes with mitigating and adapting to climate change. Title IV does not adequately 
address the needs of tribes and their role, and that of other indigenous peoples, as 
sovereign nations. Title IV also contains numerous provisions calling for the collecting 
of, and the making of decisions based on, the "best available science,” but fails to 
acknowledge and include the valuable contributions tribal traditional knowledge can 
make both to assessing climate change and addressing and mitigating its impacts. 

The top priorities for Indian tribes in relation to Title IV include: 

Regarding Domestic Adaptation 

• 6% of the allocations to tribes for domestic adaptation activities, which includes 
1% for Alaska Native Villages to address the flooding and erosion that threatens 
86% of the villages 

• Establishing a federal plan to address the dire circumstances of Alaska Native 
Villages, as 3 1 villages currently qualify for permanent relocation 

• An 8 percent set-aside for Indian tribes to carry out natural resources adaptation 
activities, with 'h available through the BIA Trust Natural Resources Program, 14 
available through the FWS Tribal Wildlife Grants Program, and 'A available 
through the USDA Natural Resources Conservation Service Program (NRCSP) 

Regarding Natural Resources Adaptation 

• The 27.6 percent allocation to the Interior Department for natural resource 
adaptation activities should be apportioned and distributed on an equitable basis 
based upon land ownership and management, including 16.02 percent of the 
allocation to Indian tribes in accordance with their responsibility for 9S million 
acres 

• Flexibility and equity must be ensured in the apportionment and distribution of 
the Land and Water Conservation Fund made available on a competitive basis to 
Indian tribes and States by conducting consultation among the 
Interior/Agriculture Departments, Indian tribes, and States 
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• No less than S percent of the Climate Change Health Protection and Promotion 
Fund should be made available to Indian tribes to prepare for and respond to the 
public health impacts of climate change on Indian trites 

• Provisions must be made for taking tribal traditional knowledge into account, 
consistent with tribal concerns over confidentiality and protection of their rights 
to such knowledge 

• Indian tribes’ treaty-reserved rights to First Foods must be protected 
Regarding International Provisions 

• Communication and coordination among Federal departments and agencies. 
States, Indian tribes, and other nations and their indigenous peoples regarding 
common interests in making cross-boundary natural resources more resilient to 
climate change, and in ensuring the continuing vitality of international treaties and 
of cross-boundary indigenous treaty rights 

• As sovereigns, indigenous peoples should be specifically included as qualifying 
entities for assistance in Subtitle D’s provision for exporting clean technology to 
developing countries. Indigenous peoples should also be able to receive 
allowances for adaptation available under the International Climate Change 
Adaptation Program, and, when allowances go to other entities, if indigenous 
peoples might be affected, their rights must be protected more fully than provided 
by the present language 

On behalf of the Quinault Indian Nation and the many other Sovereign Nations that support 
climate change legislation, I appreciate this opportunity to provide this testimony on S. 1 733. 

Ceoquio [Thank you]. 
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Questions from Senator James M. Inhofe 

I. Are you concerned at all about balancing the needs of species adaptation and water with the needs 
of water users, such as food producers, agriculture and towns who depend on water for their 
existence? 

Response: The Quinault Nation employs a holistic approach to natural resource 
management that is based on consideration of interactions between species and the 
environments in which they live. As stewards of the land, we make our management 
decisions in light of their potential impacts on water, air, soils, and all things that 
walk, swim, fly, crawl or grow roots in both the short and long-term. The social, 
spiritual, economic, and cultural foundation that underlies the values of our 
community differs markedly from species-centric approaches that too ofren seem to 
dominate western natural resource management. It makes little sense to seek to lock 
resources or the environment in a static state or to attempt to recreate conditions that 
we will not likely ever see again. Our focus is placed not on the past, but rather on the 
future. We recognize that change is an intrinsic and inevitable part of life. It is our 
responsibility to try our best to ensure that all things have a pathway that will enable 
them to adapt. To be sure, water provides many benefits for agriculture, 
transportation, recreation, and development. But we also recognize that we cannot 
afford to ignore the needs of plants and animals that also depend on this precious 

resource. Humans too must adapt and try to find ways to change their behavior so 
that others that share the Earth can survive. Thus, in a sense, we practice a “balanced” 
approach to natural resource management that integrates considerations for species, 
the land, its resources, and the needs of present and future generations. 


2. Are you concerned about balancing the needs of species adaptation with renewable energy’s high 
water needs? 

Response: Water is critical to many forms of energy production, whether based on 
nuclear, hydro, renewable or fossil fuels. As indicated by our response to the previous 
question, the Quinault Nation’s approach to natural resource management considers 
interactions between flora, fauna, water, air, and soils. When decisions involve the 
use of scarce resources, efficiency and constraints are prime considerations. If enetgy 
production is the prime objective, our focus will turn to how to best meet other needs 
for water by minimizing withdrawls and pollution, or altering flow patterns to support 
valuable ecosystem functions. Decisions regarding resource use are not usually 
“either or”, but rather an exercise in accommodation or “balance.” 

3. Environmentalists in West Virginia recently filed a law suit under the Endangered Species Act, 
claiming that proposed wind turbines could threaten the Indiana bat. In California's Mojave Desert, 
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development of solar and wind facilities has been delayed due to concern over the region’s tortoise 
population. Lawsuits and similar scenarios have pilled ESA duties against the importance of 
renewable energy. As BIA and DO! works to build transmission lines and increase these renewable 
sources of power on the vast renewable potential that tribal lands hold, how will your tribe and BIA 
balance the needs lo reduce global warming with endangered species protection? 

Response: The species-centric approach embraced by the ESA is incompatible with 
the Quinault’s holistic, ecosystem-based approach toward natural resource 
management. At Quinault, we take a broader view of management decisions. Instead 
of limiting options to individual species and the confines of property ownership 
boundaries, we examine how species can best be protected across the landscape. This 
approach may involve ways to provide adequate compensation for individual property 
owners to encourage continued production of ecosystem services desired by society as 
a whole. When considering opportunities for development of renewable or other 
energy, the Quinault government must also evaluate alternatives in light of driving 
forces that affect the values, resources and environment of concern to the Quinault 
Community. Many of the factors that are contributing to global warming (or 
influencing air and water quality, or affecting populations of fish and wildlife for that 
matter), are well beyond the direct control of the Quinault Nation. However, the 
Quinault Nation can contribute to the task that confronts all humanity by participating 
in the formulation of agreements, laws, policies, and regulations that affect the 
emission and sequestration of green house gases at local, regional, national and 
international levels, and by encouraging the development of alternative energy and 
energy efficiency. At Quinault, we are undertaking efforts to complete a risk 
assessment on the values and resources that are likely to be affected by climate change 
and energy development, exploring opportunities to reduce operational costs by using 
alternative sources of energy (e.g., heat from woody biomass derived from our forests 
instead of relying on electricity, oil, or gas), devising approaches that can provide 
pathways for adaptation for ecological functions, developing programs to minimize 
our energy footprint, and providing support for weatherization to improve energy 
efficiency. 

4. In your testimony you mentioned the need for tribes to have regulatory deference because as you 
said, the tribes know and understand belter their needs local needs. Having staled that, how could 
tribes, or even any local government, support a bill that centralizes so much power in the federal 
government and bureaucracies? 

Response: The Quinault Nation is concerned about the imposition of laws, rules, 
regulations, or policies devised by others. At the same time, we recognize and 
understand that intergovernmental coordination could reduce the potential for conflict 
and enhance the effectiveness and efficiency of climate measures. We can support 
legislation that provides for centralization of power so long as that legislation provides 
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for substantive participation in the development of climate policies and programs, and 
equitable sharing of costs and benefits. We trust the United States, whether exercising 
either local or centralized power, will always be mindful of its unique political 
relationship with Indian tribes and duty to respect the inherent regulatory powers we 
possess over our lands, resources, and citizens within our jurisdiction. In short, the 
Quinault Nation expects the legislation to respect our sovereign right to choose for 
ourselves, akin to the fundamental principle reflected in the U.N. Declaration on the 
Rights of Indigenous Peoples of free, prior, and informed consent. 
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Senator Boxer. Thank you very much. 

I just want to make sure that you are aware that Senator Udall 
of New Mexico has really heen our point person. So, the thank yens 
that you gave in my direction I am going to say, without Senator 
Udall, I do not think we would have done as good a job as we did. 
So, I just wanted to make that public because he worked so hard, 
he and his staff 

And now last, but not least, our minority witness. I want to just 
say that poor Senator Inhofe came in, and he said what happened 
to my other witness, because he had two. Well, his other witness 
got HlNl and there was not enough time. 

But here is the really interesting thing. Tomorrow, his — another 
witness got HlNl. But there was time to replace that witness with 
another witness. But we wish both of those witnesses well. 

Now, Mr. Sims, I am going to welcome you back to the Senate 
where, as I understand it, you worked for 12 years including as 
Chief of Staff to former Senator Robert Kasten, Jr., and then you 
worked in the White House as President George W. Bush Director 
of Communications for the Energy Group, which was led by Vice 
President Cheney, and now you serve as Chief Executive Officer of 
the Western Business Roundtable. 

So, we are very pleased to welcome you back to your old home- 
stead. 

Mr. Sims. Thank you. 

Senator Inhofe. I might also add that since we only have one 
minority witnesses, you can have 10 minutes instead of 5 minutes. 

Senator Boxer. Well 

[Laughter.] 

Mr. Sims. I am not sure I would ask for that. 

Senator Boxer. Well, with unanimous consent, we will give you 
7. How is that? 

STATEMENT OF JAMES T. SIMS, PRESIDENT AND CHIEF 
EXECUTIVE OFFICER, WESTERN BUSINESS ROUNDTABLE 

Mr. Sims. I will be efficient regardless since we are a pro-effi- 
ciency group. 

Madam Chair, thank you very much. Mr. Ranking Member and 
members of the committee, it is good to be back here. I feel like 
the Senate is really my home in a lot of ways. 

The members of the Western Business Roundtable, Senator 
Boxer, we are a very wide ranging, broad based group of members, 
and I think it is fair to say that of our 50 or so members, we prob- 
ably have 50 different views on what to do about climate change. 

We do have a number of things that we do agree upon, though, 
and I have entered those into my statement as long as that can be 
placed in the record. I would appreciate that. 

Senator Boxer. Absolutely. 

Mr. Sims. I would also mention that I am the co-founder and the 
former head of what is not known as the Geothermal Energy Asso- 
ciation. I am a very strong proponent of renewable energy and have 
a lot of experience in that area. My job these days running a large, 
broad based organization is to promote more of everything. 

Regrettably, our organization is not able to lend our support to 
your bill as it currently stands today. What I wanted to do, and I 
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hope I present this in the right way, is to put forth some additional 
ideas and suggestions, constructive things that can he done in addi- 
tion to a bill like this or in lieu of a bill like this, whatever the Con- 
gress is trying to do. 

Our members, and I am very proud of this, our members are 
companies that are out there right now trying to develop the exact 
technologies, greenhouse gas mitigation, CCS technologies that will 
get us to the point where we will be able to grow our economy and 
mitigate greenhouse gas emissions. 

So, we would like to make a couple of concrete suggestions for 
the Congress and the committee, of course, to consider. 

We suggest the launching of four major initiatives, public-private 
partnerships, along the lines and with the same intensity as this 
country entered into when we put a man on the Moon in less than 
a decade. A number of members have talked about some of these 
very initiatives. For example, we would like to see a public-private 
partnership put together that would specifically build and deploy 
at least six 500-megawatt pilot projects near zero emission coal- 
fired power plans that can demonstrate a wide variety of CCS tech- 
nologies. 

Now, a lot of people are talking about these technologies. Frank- 
ly, a lot of them are on the drawing board. We believe we need to 
get out there in the field, and this is going to require some assist- 
ance from the Government, to start building these kinds of tech- 
nologies. 

We would also like to see a major initiative to build out our in- 
frastructure to support compressed natural gas and electric vehicle 
fleets. That is something that I think a lot of support exists on both 
sides of the aisle. We would also like to kick start the construction 
of at least three coal-to-clean liquids and/or coal-to-gas facilities to 
help us convert the energy locked up in coal in cleaner and cleaner 
ways. 

Finally, we would like to see a dramatic acceleration, I think all 
would agree with this, a dramatic acceleration of our build-out of 
the high voltage electric transmission system. I would add that we 
feel very strongly, however, that as that process goes forward, we 
need to make sure that we do not restrict access to the grid. We 
should build lots of wind, solar, geothermal, clean coal, nuclear, et 
cetera, and all should have access to that grid. 

We also would recommend, and I think. Madam Chair, there is 
no disagreement on this, a much more aggressive push on energy 
efficiency. And I would also add process efficiency. Energy effi- 
ciency looking at building envelopes and standards, those are obvi- 
ously going to get stronger, and they should. But also there are tre- 
mendous efficiencies that can be reaped through industrial proc- 
esses, whether it is power generation, manufacturing, et cetera. 
Obviously, the more efficient we are in those processes, the more 
production we can have with a comparable decrease in emissions. 

We also believe, and I think there are a number of members that 
also agree with this, that we need to find a way, if we are going 
to make CO 2 sequestration really work, we have got to find a way 
to deal with the legal liability issue. We have Price-Anderson for 
the nuclear industry. I think we are going to have to look at some 
kind of a structure so that, whether it is a Governor or a county 
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or the U.S. Government, when we start seriously sequestering CO 2 
underground, we have to understand and know that we are not 
going to have, quite frankly, a flurry of lawsuits, because that is 
going to prevent those projects from going forward. 

We also believe that we need a massive build-out. The massive 
build-out of clean energy technologies that we are all seeking, re- 
newables in particular, are also going to require a major increase 
in this country’s ability to do mining and mineral development. 

Now, most folks do not put these 2 and 2 together, but if you 
think about it, a 3-megawatt wind turbine, those are the big ones 
that you see now going all over the country, one of those wind tur- 
bines requires 335 tons of steel, that is one turbine, 4.7 tons of cop- 
per, 1,200 tons of concrete, aggregate and cement, 3 tons of alu- 
minum, and 1 ton of something we call rare earth elements. 

And I think many of you are starting to hear more and more 
about the fact that rare earth elements, which are used in wind 
turbines as part of the permanent magnets, they help us create the 
electricity. Right now, our country, like it or not, is dependent on 
one nation for 99 percent of all the rare earth elements that we im- 
port. The nation is China. And the reason that is important is that 
the Chinese, as they are building out their wind power manufac- 
turing and deployment capabilities, they are talking now about re- 
stricting their exports of those rare earth elements. 

The point being that if want to build a lot more renewables, we 
are also going to need to have to do a lot more environmentally 
sound and sensitive mining and minerals development. 

Madam Chair, I want to make one note on climate adaptation. 
There are a lot of things going on in climate adaptation. I think 
they are all good. Frankly, I am one who believes, and I do not 
think anyone would dispute this, the climate is always changing. 
Humans are having a role in that. 

But the fact is we need to be careful about adapting to whatever 
climate we have in our future. I would note, this is a little con- 
troversial, I think there is a truth in this issue that frankly is best 
summed up by Patrick Moore, who is one of the founders of 
Greenpeace, who makes the point that ice and frost are the en- 
emies of life. 

Now, that is not to say that we should not be concerned about 
global warming. It is to say that as the globe warms, which every- 
one says it is going to, that some of the catastrophic predictions of 
species extinctions probably, I believe, are not true. That is not to 
say that we should not be working to try to prepare for ourselves 
for any climate adaptation that comes down our path. 

Madam Chairman, thank you very much. 

[The prepared statement of Mr. Sims follows:] 
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chairman Boxer, Ranking Member Inhofe, Members of the Committee, thank you for the 
opportunity to present testimony today on behalf of the Western Business Roundtable 
regarding S. 1733, the "Clean Energy, Jobs and American Power Act." We appreciate this 
opportunity to provide you and the Committee with our views on this legislation. 


About The Roundtable 

The members of the Western Business Roundtable are engaged in a wide variety of research, 
development and deployment efforts for greenhouse gas (GHG) control technologies. As a 
broad-based coalition of companies doing business in the Western United States, our members 
are engaged in a wide array of enterprises, including: manufacturing; retail energy sales; 
mining; electric power generation and transmission; energy infrastructure development; oil and 
gas exploration development, transportation and distribution; and energy services. 

We work to defend the interests of the West and support policies that encourage economic 
growth and opportunity, freedom of enterprise and a common-sense, balanced approach to 
conservation and environmental stewardship. 

Comments on S. 1733 

All of our members are desirous of greater legal and regulatory certainty with regard to future 
GHG regulations. All believe that any climate policies should be federal in nature and should 
promote economic growth, create new jobs, strengthen the nation's power grid and enhance 
America's fuel diversity and energy security. All believe that GHG mitigation strategies must 
unleash America's technological innovation and "can do" spirit to be successful. 

Moreover, we believe that the key to unleashing technological Innovation is through powerful 
incentives rather than punitive government policies. Our philosophy is perhaps best summed 
up by former House Speaker Newt Gingrich, who spoke recently in a C-SPAN interview on how 
best to approach climate solutions. He said: 
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"The morning you provide incentives for technology development, there will be 
50,000 entrepreneurs figuring out how to get the money. The morning you try to do it 
through regulation, there will be 50,000 entrepreneurs hiring a lawyer to fight you." 


As the Speaker points out, this is a fundamentally different model. It's also a model that has 
shown time and time again throughout America's history to be the correct model when it 
comes to technology innovation. 

Our Common Sense Climate Principles 

When examining individual climate bills, such as 5. 1733, the Roundtable views these bills 
through the lens of a set of 10 "Common Sense Principles" that we believe should guide federal 
legislators in any climate legislation. 

Regrettably, the Roundtable does not believe that 5. 1733 meets these common sense 
principles, and we cannot endorse its passage. 

Our Common Sense Principles follow: 

1. Congress is best suited to determine how a national greenhouse gas emissions 
reduction program should work. Therefore, any bill should explicitly preempt the 
Environmental Protection Agency from regulating greenhouse gases under the Clean Air 
Act. 

2. Federal action should aim to reduce greenhouse gas emissions while also allowing for 
robust economic growth and job creation across all sectors. Legislation that aims to 
reduce emissions by forcing a further contraction of our economy -- by artificially 
constricting energy supply and encouraging higher prices -- will choke any economic 
recovery and will be soundly rejected by the American people. Therefore, cap-and-trade 
legislation should include some form of "safety valve" to ensure that the American 
people are not subjected to wild swings in energy prices or runaway cost increases. 

3. Federal action should incorporate, as part of any greenhouse gas emissions reduction 
program, a fully transparent cost-benefit assessment that yields a net positive outcome 
and achieves wide consensus. Consumers must be made fully aware of the potential 
economic impacts of proposed policies, prior to any vote in the Congress. 

4. Federal action should encourage the rapid research, development, demonstration and 
deployment, through public-private partnerships, of a broad spectrum of supply-side 
and demand-side technologies and practices aimed at managing greenhouse gas 
emissions. 
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5. Federal action should allow the electric utility sector to continue to supply consumers 
with adequate supplies of clean, affordable and reliable energy and to recover all costs 
necessary to achieve any greenhouse gas emission reduction levels sought by public 
policies. 

6. Federal action should involve all sectors of the economy, all sources and sinks and all 
types of greenhouse gases. 

7. Federal action should recognize that climate change is a global phenomenon that 
requires comprehensive, long-term and coordinated worldwide responses. Unilateral 
action by the U.S. - without comparable commitments to reductions by emitting 
nations like China and India -- will harm our ability to compete in world markets, export 
U.S. jobs overseas and will result in no measurable change in future climates. 

8. Federal action should recognize that the time frame for implementation of any 
greenhouse gas emission reduction requirements must be tied to technology 
availability, reliability and economic feasibility in order to avoid unacceptable impacts 
on consumers and the electricity grids. 

9. Federal action should target revenues generated by a climate change program to the 
rapid development and deployment of technologies to capture and store greenhouse 
gases, to appropriate assistance programs that help end-use consumers deal with higher 
energy costs, and to reasonable climate mitigation initiatives. 

10. Federal action should allow greater access to public lands (both onshore and offshore) 
for the development of domestic energy resources -- such as renewables, oil and gas, oil 
shale, coal and nuclear power - so that America can continue to seek greater energy 
independence. 

Getting The Legislation Right 

while virtually all scientists agree that the Earth has been warming since the end of the "Little 
Ice Age," average global temperatures have not increased or have declined for the past 8 or so 
years. This cooling has proceeded in spite of the fact that manmade GHG emissions have 
continued to increase. Many climatologists - including those who believe strongly that 
anthropogenic GHG emissions are the primary driver of global warming - now predict that this 
global cooling may persist for one to two more decades, if not longer. 

This remarkable change in our climate is something that virtually none of the climate models 
predicted. I think that it also underscores the importance of taking our time and getting climate 
policies right - particularly with regard to advancing and commercializing the technologies that 
we, and the rest of the world, will need to abate GHG emissions. 
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The American people increasingly appear to agree with a more deliberative, thoughtful 
approach to crafting legislative solutions to climate change. 

For example, a new poll by the Pew Research Center for the People & the Press finds a sharp 
decline over the past year in the percentage of Americans who see solid evidence that global 
temperatures are rising. According to the survey, conducted between Sept. 30 and Oct. 4 
among 1,500 aduits reached on cell phones and landlines, fewer respondents also see global 
warming as a very serious problem; 35% say that today, down from 44% in April 2008. 

The survey also points to a decline in the proportion of Americans who say global temperatures 
are rising as a result of human activity. Just 36% say that currently, down from 47% last year. 


Getting Technology Deployed 

Furthermore, we believe that Congress must exercise great caution with any climate legisiation 
in order to insure the necessary time and capital availability to facilitate the commercial 
viability of a range of advanced energy technologies. 

Commercial development of many advanced technologies such as coal and natural gas power 
generation with CCS, utility scale solar power systems, transmission infrastructure upgrades 
and expansion, as well as other promising emerging technologies, will take a growing economy 
and capital for the necessary investments. This is particularly true for carbon capture and 
storage technologies tied to fossil fuel power generation. 

The world hopes to achieve an across the board 50% reduction in GHG emissions by 2050, it can 
not be accomplished without CCS. 


Constructive Suggestions For Action Now 

Because the Roundtable Is not able to support S. 1733, we wish to offer the following 
constructive and specific recommendations for inclusion in other GHG reduction bills: 

• Coal with CCS Demonstration Projects - Federal assistance and incentives necessary to 
construct at least six 500-MW pilot zero-emission coal-fired power plants that can 
demonstrate a variety of technologies related to C02 capture and sequestration 
technologies at altitude in the West. 

• Compressed Natural Gas and Electric Vehicle Fleet Vehicle Demonstration Projects - 
Federal assistance and incentives to support at least 25 demonstration projects across 
the Western U.S. to enhance the ability of vehicle fleets to use compressed natural gas 
and/or electricity as fuel. 
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• Coal-To-Clean-Fuels Demonstration Projects - Federal assistance and incentives to 
construct at least three coal-to-liquids or coal-to-gas facilities that can demonstrate a 
variety of technologies related to C02 capture and sequestration technologies at 
altitude in the West. 

• Emissions Reductions Through Process Efficiency Incentives - Legislative and tax 
incentives to encourage greater energy efficiency gains through technology deployment 
by the utility, power production, manufacturing, natural resource development and 
transportation sectors. 

• Clean Energy Deployment Incentives - Legislative, tax and regulatory incentives to spur 
investment in a broad suite of clean energy generation technologies, including 
renewables, hydropower, clean coal with CCS, oil and gas and nuclear. 

• "Apollo-Program-Level" Funding for C02 Capture, Transportation and Sequestration 
Deployment - Legislative, tax and regulatory incentives to dramatically speed up 
development and deployment of GHG capture, transportation and sequestration 
technologies for use by all industries in the West, 

• Limit Legal Risks Related To C02 Sequestration -Legislation and regulatory reforms 
that ensure that C02 sequestration project proponents can move forward without fear 
of endless liability lawsuits. 

• Reduced Foreign Oil Dependence Through C02 -Driven Enhanced Oil Recovery - 
Provisions to encourage the rapid build-out of the infrastructure necessary to allow 
greater use of C02 sequestration for enhanced oil recovery. 

• Clean Energy Infrastructure Build Out - Incentives for new investment in transmission 
lines supporting all Western generation sources, oil and natural gas pipelines, C02 
pipelines and other infrastructure facilities. 

• Cost-Benefit Assessments - Provisions that require a rigorous, independent cost-benefit 
assessment to be conducted before any GHG legislation be approved by the Congress. 


This last recommendation is a very important one, in our view, given that the ultimate success 
of any climate program is broad and lasting acceptance by the general public. We agree with 
elected officials such as Wyoming's Democratic Governor, Dave Freudenthal, who has warned 
that unless consumers are made fully aware of both the costs and the benefits of climate plans 
- prior to their implementation - we run the risk that those policies will prove highly unpopular 
and will run into a lot of difficulty in terms of implementation and enforcement. 

I would go Governor Freudenthal one step further: I believe that climate plans that try to 
effectively "hide the ball" from consumers on the fact that they will bring higher costs and 
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lower standards of living are destined to be repealed because of an avalanche of consumer 
outrage over those impacts. Of course, the mechanism that consumers will use to force that 
repeal will be wholesale changes at the ballot box. 

From the perspective of our members, such a flip-flopping of major government policy would 
be a massive setback to the entire climate solutions movement. 

Climate Adaptability Issues 

There is one bright spot in the climate issue. All across the nation, government and business 
leaders are thinking much more seriously about how to prepare for a future where 
temperatures may be different than those we experience today. 

One area of concern often cited in the news media is the potential impact that global warming 
may have on species other than homo sapiens. 

On this issue, 1 think it is important to note the words of Patrick Moore, founder of Greenpeace, 
when he reminds that: "Ice and frost are the enemies of life." What he is saying is that all of 
the dire and catastrophic predictions of global-warming-caused extinction of hundreds of 
thousands of species are, to borrow a phrase, a bunch of hot air. 

In short, the scientific record shows very clearly that species have adapted to changes in our 
climate much larger than those predicted by the climate models, and have done so for many 
hundreds of millions of years. 

As noted in a recent book by Drs. Craig and Sherwood Idos, and published by the Science and 
Public Policy Institute, the IPCC has projected that "globally about 20% to 30% of species (global 
uncertainty range from 10% to 40%, but varying among regional biota from as low as 1% to as 
high as 80%) will be at increasingly high risk of extinction" by the year 2100 due to C02-induced 
global warming (Fischlin et al., 2007). However, a substantial body of research indicates that 
the vast majority of the predicted extinctions will likely not occur. 

"This is primarily because in a C02-accreting atmosphere most plants prefer warmer 
temperatures, so that while warming gives them the opportunity to move poleward in 
latitude and upward in altitude at the cold-limiting boundaries of their ranges, it does 
not mandate that at the heat-limiting boundaries of their ranges they must move in 
these directions. Consequently, with the greater over-lapping of plant species ranges 
that these phenomena portend for concomitant increases in atmospheric temperature 
and C02 concentration, there should be a tendency for regional plant species richness 
to actually increase throughout the world; and this same type of range overlapping will 
likely apply to many of the world’s animals that rely upon these range-expanding plants 
for their food and habitat. Therefore, the end result of the several processes is a future 
in which there will likely be a great C02-induced proliferation, as opposed to extinction, 
of species within numerous geographical areas; and there is much evidence from the 
peer-reviewed scientific literature to support such an outcome. 
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Sentencing Species to the "Jail" of the ESA 

while S. 1733 does directly address issues related to the functioning o the Endangered Species 
Act, a number of activist groups are pushing for government policies that make much greater 
use of the ESA law as a means of "protecting” species from predicted climate change. 

The problem is that this law is a broken and outdated law that rarely helps species actually 
recover to help. This law: 

• Discourages innovative environmental conservation; 

• Effectively confiscates private property; 

• Denies folks their livelihoods; 

• Costs our economy many billions of dollars per year with little positive benefit; 

• Prevents well-meaning experts at the U.S. Fish & Wildlife Service from doing the real 
work of helping species flourish; and 

• Most important, fails miserably in the central mission that Congress intended to achieve 
with its passage: recovering species that are in trouble and allowing them to go off the 
ESA list. 

Let me point to just one statistic, taken from U.S. Fish and Wildlife Service data: the ESA has, 
over its 30-plus-year history, racked up greater than a 99 percent failure rate when it comes to 
species recovery. In other words, the ESA helps species recover to health less than one percent 
of the time. 

Can any of the Committee Members name any other law with such a breathtakingly consistent 
record of failure over such a long period of time? 

ESA is like a doctor who tells me that my six-year-old daughter has a potentially life-threatening 
illness, but then prescribes a treatment regime that involves hospitalizing her with no active 
treatment, no medications, no therapy and no visitors to her bedside. Would it be rational for 
me to stand by and support this "let Nature take its course and, hopefully, things will work out" 
approach? Of course not. 

On the other hand, the Act does do two things very well: 

1. It transfers control of vast swaths of land in the West from private landowners and/or 
states that control the land to unelected federal bureaucrats and environmental 
extremist groups. 

2. It provides a very, very good living for a relatively small group of trial lawyers and 
professional environmental extremists who use never-ending lawsuits to warp this well- 
meaning law to serve their own narrow political agendas. 
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Will Cap-and-Trade Bills Create Millions of New Jobs? 

The public hears virtually every day from a variety of politicians that cap-and-trade plans will 
create millions of new "green jobs." But have the Members of the Committee actually 
examined the studies that make these predictions? 

One such impartial analysis of a major "green jobs" study was done recently by a Roundtable 
member: Kimball Rasmussen, President and CEO of Deseret Power in Utah. I highly 
recommend reading Kimball's relatively short analysis. In it, he finds that: 

"... the promise of millions of green jobs claimed by proponents of the American Clean 
Energy Act is not supported" by the Jobs and Economic Development Impact model 
(JEDI), which itself forms the heart of a joint study by US DOE and the National 
Renewable Energy Laboratory (NREL), known as the 20 x 30 Study. 

Further, the Rasmussen analysis finds the following: 

• The 20 X 30 Study's forecast of 6.2 million new "green jobs" from the construction of 
wind turbines "does not reflect the number of long-term, full-time jobs created; instead 
it's a cumulative count of full-time equivalent workers aggregated for the 24 years in the 
study period (2007 through 2030). 

• "This questionable method of double counting misleads one to think that 6.2 million 
jobs equates with 6.2 million people that are employed at a time. This is far from the 
truth. For example, if an individual works for Project 'A' in Minnesota in 2007, and then 
project 'B' in North Dakota in 2008, and so forth through 2030, the model counts that 
single worker 24 times." 

• "If the Indirect and induced impacts are excluded, the gross number of direct jobs is only 
121,417, or 2.4 percent of the five million jobs promised. This level of green job 
creation will not be achieved for another decade; yet we have recently lost more than 
400,000 jobs each month based on current economic conditions." 

• "When wind jobs are compared head-to-head with coal-fired electric alternatives, the 
gross job gains in wind are more than offset by net job losses in coal. Every new wind- 
related job comes at the cost of 1.5 to 2.7 coal-related jobs." 

• The study "fails to show the dampening effect on the economy of significantly higher 
power costs associated with wind power, as well as carbon tax programs." 
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Disproportionate impact On Low-Income Populations 

Rising energy prices especially hurt low-income families because they must devote a much 
higher share of their personal income to energy. Since a larger percentage of minority families 
are among low-income households, they are disproportionately burdened by rising energy 
prices. Cap-and-trade plans like S. 1733 could exacerbate this economic disparity by raising 
energy prices, and the costs of goods and services that are energy-sensitive. 

Energy cost increases are extremely regressive, and increased energy costs impact the already- 
strained resources of the lowest-income households. Rising energy costs inflict particular harm 
on many minority families: lower-income families are forced to allocate larger shares of their 
budget for energy expenditures and a larger percentage of minority families are among the 
lower-income brackets. This disparity between minorities and others means that rising energy 
costs have a disproportionately negative effect on the ability of low income, minority families to 
acquire necessities - food, childcare, and healthcare. Unless energy costs are kept affordable, 
or unless steps are taken to ameliorate the impacts of rising energy costs on vulnerable and 
minority populations, these costs can have the effect of a discriminatory tax based on income 
and race. 



Increase in Energy Costs Jl,525 $2,353 $3,983 $4,190 $3,403 

Since 2001 


Increase as % of 2008 29.5% 13.5% 12.4% 5.4% 6.5% 

After-tax Income 


Summary 

While the Western Business Roundtable cannot support S. 1733 and proposals like it, we do 
believe that a great deal can be done to move America forward on the path to a cleaner energy 
economy. We are pleased to provide constructive suggestions in this regard, and we look 
forward to working with the Chair, Ranking Member and all Members of the Committee in this 
effort. 
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Responses To Post-Hearing Questions 

From Senator Bernard Sanders: 

Q: We know in Vermont that energy efficiency has tremendous value, and even though Vermont Is a 
leading state, Vermont projects even greater efficiency savings in future years. Energy efficiency is a 
proven way to create jobs and save consumers money, while reducing emissions. Would you agree 
that this Committee should set flexible, cost-effective energy efficiency investment criteria for a 
portion of the allocation that is provided for free to electric LDC's under this legislation. Just as this 
legislation does for the natural gas allocation? 

ANSWER; 

Improving the efficiency of an electric or natural gas distribution system is almost always the 
most economic option for maintaining the reliability of a system while demand grows. Our 
utility members are especially Innovative in finding ways to Improve their internal system 
efficiencies as well as providing their end-use customers with attractive Incentives and options 
to participate in energy efficiency programs. However, history shows that the most successful 
energy efficiency programs are those that are not dictated to companies or consumers in a 
top-down fashion by government mandates, but rather are those programs that earn 
consumer buy-in through attractive incentive programs. While you describe your criteria as 
''flexible,” they are packaged within a framework of heavy-handed government mandates. We 
think an Incentive approach by government in this area works much better. 
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From Senator James M. Inhofe; 

Q: In your Comments on S. 1733, you say that your members are desperate for legal and regulatory 
certainty with regard to future GHG regulations. Would the Western Business Roundtable like to see 
the US Congress pass legislation barring the Environmental Protection Agency from regulating GHGs 
whether or not climate legislation Is passed? 

A; Absolutely. In addition to those of our members involved in energy production and natural 
resource development, I am certain that literally millions of farm and agricultural operators, 
small businesses, schools, hospitals, hotels and motels, manufacturers and small businesses 
would also welcome such a bill, given that EPA regulation of GHGs under the Clean Air Act 
would eventually subject them to costly and economically unsustainable regulation. EPA’s 
unilateral attempt to change the current law and exempt small emitters will fail under legal 
challenge (which will. Ironically come from the environmental community). That will mean 
that the corner flower shop and millions of other small businesses will eventually have to seek 
a PSD permit or engage In the NSR process if they ever expand their business and try to 
create new Jobs. And THAT will lead quickly to a wholesale rejection by the public of this 
entire approach to GHG mitigation. 

Q: Specifically how does the Western Business Roundtable see its members being directly Impacted by 
Job losses to other nations as well as a loss of competitiveness throughout the world if the US passes 
climate change legislation without a strong commitment from nations like India and China? 

A; Virtually all of our members believe that imposition of a cap-and-trade regime such as that 
contained in S. 1733 will result in an almost Immediate loss of competitiveness by U.S. 
companies In global markets. The mechanisms driving this loss of competitiveness are 
detailed in this highly regarded analysis conducted by Science Applications International 
Corporation (SAIC) tor the American Council for Capital Formation and the National 
Association of Manufacturers. You and your staff can see a good Executive Summary of that 
study here: http://www.accf.oro/media/dvnamic/3/media 381.pdf 

We believe that most states will lose under either the Waxman-Markey bill or the Boxer-Kerry 
bill, and will not have enough allowances to cover their emissions from electricity generation. 
As noted in this Illustration, "this shortfall in allowances will lead to higher electricity costs 
for consumers, the total of which will roughly correlate with the dollar losses noted on the 
map. Midwestern and Southern states will be the hardest hit. To make up the shortfall, states 
will have to seek high-cost, non-C02 emitting electricity sources, reduce electricity production 
and consumption, purchase allowances, or purchase domestic and International offsets, likely 
a combination of the three." 
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Q: Having members In energy sales, electric power generation and transmission, energy 
infrastructure and development, and energy services, do your members see the technology available 
to reliably and feasibly Implement stringent greenhouse gas emissions requirements? 

A; Virtually no one with any direct experience in CCS technology deployment believes that the 
technology needed to meet these requirements on the timelines dictated by this bill will be 
commercially available except at very high cost, which of course will be passed on to 
consumers. All of our members believe that these technologies can and will be developed - 
and many of our companies are working on them now. But deployment of breakthrough 
technologies like these always comes in stages, with various prototypes of power plants and 
systems built one after the other so we can see what works and what doesn't. Ironically, 
activist groups on the left are effectively preventing any new high-tech coal-fired power plants 
from being constructed. This, In turn, stymies efforts to move us along the technology 
development curve and get to near-zero-emisslons facilities sooner. 

This is why our group believes that an aggressive partnership between the private sector and the 
government - conducted with the focus and Intensity of the Apollo space program - will deliver these 
technologies sooner and more efticiently than government dictates, mandates and punitive regulation. 
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Senator Boxer. Thank you very much. 

I am going to think about that, when ice and frost our enemies 
of life since Greenpeace thinks our hill is too weak, I think you took 
that point a little out of context. 

[Laughter.] 

Senator Boxer. But I guess if you are a polar hear, ice is good. 
If you are an ice skater — hut no, we will get there later. But thank 
you. 

I felt that your points were very well done. Hey, you have to 
start the clock. Have you put a cost to your plan? It is a public- 
private partnership and it is pretty big, visionary. 

Mr. Sims. It is. Madam. 

Senator Boxer. So what do you put as a cost to taxpayers of 
this? 

Mr. Sims. We have not, but we will do that. We have a number 
of people on it right now. I will get that back to the committee. 

Senator Boxer. Please. Because I am looking at this, and I am 
thinking, you know, one of the interesting things about the ap- 
proach we are taking is that the 7,500 largest polluters, as you 
know, will have to buy the allowances. It is a polluter pay type of 
a program. Now, my colleague calls it a tax. It is not a tax because 
if you clean up your act, and you figure out how to get the carbon 
out of the air, you do not have to do anything. So, it is not a tax. 
It is polluter pay. 

So, the point is, that is different than taxpayer pay. And that is 
why I ask you for the price that you would put on these things. It 
may be that they are very worthwhile, some of these ideas. So I 
am very interested in hearing from you. 

Mr. Sims. Can I make a quick suggestion in that regard? 

Senator Boxer. Please do. 

Mr. Sims. Speculating, as well do, on the outcome of this debate 
and this legislative process, if it is the case. Madam Chair, that the 
bill passes, a bill like this passes, I think, being practical, as my 
member companies tend to be, I think a lot of folks we can reason- 
ably project that the regulations that would be written to imple- 
ment such a bill will be, like it or not, in the courts for a number 
of years. I think all sides will probably be suing, quite frankly, to 
change those regulations. 

And part of the reason that we are putting forward things that 
we think can be done in the near term is that these are things that 
can be done in the near term, possibly while the outcome of this 
debate continues to go forward. 

So, our member companies are out there on the ground now, ac- 
tually trying to make these things work, and we are looking for 
whatever assistance we can to push that ball forward. 

Senator Boxer. I hear your point. I think it is an interesting 
point. I would, however, say do not underestimate that there would 
be lawsuits over some of the things that you put on the list. It is 
just the way it is. And the question is, how swiftly it moves. It took 
time, but we finally got the ruling from the Supreme Court that 
carbon is covered by the Clean Air Act. 

So, we need to move forward. And I would suggest to you that 
the one way we know we have lawsuits is if we do not move for- 
ward on that because the Supreme Court has ruled. So, whether 
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EPA does it or we figure out a more fiexible way to do it, it shall 
be done. 

I guess I want to ask our representative of the Native American 
tribes here, since she is representing one tribe but she did talk 
about the Alaska Tribes, this idea that ice is the enemy, and frost. 
When I visited Alaska, well, I actually visited Greenland and Alas- 
ka — when I visited Greenland and we met with the tribes there, 
they are just devastated with the melt. Devastated. I mean, every- 
thing that they have done for generations is changing. 

So, I wonder if you could comment on that. I mean, I just do not 
agree with that comment. 

Ms. Sharp. Sure. Absolutely. A lot of thoughts went through my 
mind as I heard the testimony. You know, when you think of Chief 
Seattle’s quote, I do not know how many of you have ever read 
Chief Seattle’s quote, he talks about what we do to the earth we 
do to ourselves, all things are connected. And it seems that there 
is a collective value. 

And we, as native people, have a deep reverence for the natural 
world, the natural environment, because we receive air, we can 
breathe, we receive water, we receive food that nourishes and feeds 
our bodies. And so, we see an intimate relationship with all aspects 
of the physical environment, and the degradation of any one phys- 
ical aspect on the earth has a domino effect. 

The glaciers that I mentioned in the Upper Quinault that feed 
the Anderson Glacier, that is now gone. That water provides essen- 
tial water flows for salmon, and the salmon are essential to our 
culture and our value system, and that maintains our continuity as 
a people. 

Senator Boxer. Thank you. I think that is beautifully stated. 

Mr. Young, my fellow Californian, could you describe why waste- 
water facilities are vulnerable to the expected impacts of global 
warming and how those impacts are addressed in the adaptation 
provisions of out bill? 

Mr. Young. That impacts I think that we are talking about are 
because of location. Because of the immediate impact of flooding, 
of rising sea water inundating already perhaps challenged facili- 
ties. This causes the opportunity for sanitary sewer overflows, for 
impacts on public health, for contamination in our streams and riv- 
ers, and all of these impacts that are there. 

How the adaptation section of this bill can help is with the chal- 
lenge grants that are offered so that the most serious problems can 
rise to the top of the list, and the most serious partnerships can 
be made between the local agencies and the Federal Government 
to go out and solve those issues in a partnering way, to be able to 
come up with solutions that can be applied throughout the country. 

Senator Boxer. Thank you. 

Senator Inhofe. 

Senator Inhofe. Thank you. Madam Chairman. Well, first of all, 
on the consumer polluter pays, let me quote the Director of CBO, 
Director Elmendorf, he said at any point in which we are putting 
a price on carbon emissions that would be passed through to the 
cost to consumers, is it possible to design a system using the rev- 
enue it generates to ensure no net increase in the overall burden 
to consumers. His answer is no. 
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Mr. Sims, you raise some questions that I think are significant 
in terms of preemption that we would want to make sure that, the 
argument has been made that you have to pass legislation to pre- 
empt the Clean Air Act. Does this, in any way, preempt that? 

Mr. Sims. I think that, and I will admit. Senator Inhofe and Sen- 
ator Boxer, that I am still reading the bill. I would have liked to 
have built it in 25 pages. I am sure we all would have liked to. It 
is just not possible to do that. So, we are still examining it. 

But I know that there is no provision, as far as I know, that 
would specifically preempt additional action by EPA. Now, obvi- 
ously EPA is going to have to write the regulations to implement 
much of this bill. So that is going to happen regardless. 

I think our concern was that if the Congress does not act in some 
fashion, does not provide some legislative and regulatory certainty, 
we are going to continue to have problems. Our members agree 
with that. By the same token, we are concerned if Congress does 
not act, and the EPA goes forward. The EPA does not have the 
tools under the Clean Air Act to adequately regulate greenhouse 
gases. Clearly. I do not think their recent change is going to regu- 
late farms and cows with — farms that have 25 cows on it. 

Senator Inhofe. And I would also say what provisions of the bill 
would help us get more natural gas out of the ground? 

Mr. Sims. I think there is an irony. Senator. You make a great 
point. I am afraid that a good piece of this bill and other bills that 
we are seeing come out of the Congress are aimed, ostensibly, at 
increasing America’s energy independence while at the same time 
they have elements that are decreasing our ability to move toward 
that goal with regard to natural gas and oil development. 

We have enough natural gas, we have enough oil, domestically, 
specifically off our coast, and with oil shale, to move completely to 
energy independence. But I am afraid we are not going in that di- 
rection. 

Senator Inhofe. Yes, well, the last thing that I asked you was 
if it is in the bill or if you have seen it because some of these an- 
swers, as you mentioned the carbon capture sequestration, is there 
anything in the bill that would remove the barriers to that? 

Mr. Sims. There are. And I think a lot of the details will still be 
worked out. As I said, a lot of the devil that will be in the details 
from this bill, I think, will come in the writing of the regulations. 
So, frankly, from our perspective there is a lot of stuff that needs 
to be filled out, and no one really knows what some of these details 
are going to be until those regs get written and the inevitable court 
challenges get adjudicated. 

Senator Inhofe. Well, I think you bring out a good point when 
you talk about getting some of these resources, like natural gas, in 
previous — and I want to get this into the record, in each one of our 
hearings the new report that came out just last week from CRS 
designated or revealed that American’s combined recoverable nat- 
ural gas, oil and coal reserves as the largest on earth. We are No. 
1 . 

Now, the problem is that we are precluded from developing 83 
percent of that by regulatory obstacles that are out there. Do you 
see anything in this bill that would relieve any of those obstacles 
that are there? 
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Mr. Sims. I am afraid to say no, Senator. 

Senator Inhofe. One of the concerns I have is, if you get heyond 
this bill, some of the same people who are promoting this bill are 
also for some of the other provisions, for example, doing away with 
hydrologic fracturing. You mentioned getting more of the oil and 
gas. Obviously, if you remove hydrologic fracturing, you would have 
a real serious problem doing that. I think you would agree with 
that. 

Mr. Sims. Senator, I would say there is a tremendous irony in 
that threat as well. One industry that would probably be hurt the 
worst by shutting off or slowing down our natural gas production 
is wind. Wind energy, as most of us I think now understand, is an 
intermittent resource, and it desperately needs natural gas to help 
balance out the load. The two work well together, hand in hand. 

Senator Inhofe. Yes, well, I think what I am saying is that the 
one thing that bothers me more about the debate than anything 
else in when people say, oh, we are concerned about the depend- 
ency on foreigners for our oil, gas, our energy, when in fact the rea- 
son we are is our regulations over here. And if we wanted to be 
energy independent, all we need to do is get rid of these barriers 
that are there. And these are legislated. I am talking about mora- 
toria for offshore drilling and you mentioned the immense oil shale 
and methane hydrate deposits. Those are huge, and they are not 
even considered in this conclusion that we are No. 1 in terms of 
reserves. 

Mr. Sims. Right. 

Senator Inhofe. We have far more than China, far more than 
Saudi Arabia. It is mind boggling to me that, in this debate, we 
never talk about doing something to reduce those barriers. 

I see a lot of shifting around over here. Do you disagree? Do any 
of you guys really want to keep the barriers there so that we can- 
not produce our own, develop our own resources? 

Dr. Frumhoff. 

Mr. Frumhoff. I would be happy to respond. Thank you. Sen- 
ator. 

I think the challenge is to make sure we have a level playing 
field that takes into account the true price and cost of energy use, 
which this bill would establish through putting a price on carbon. 
Once you have a price on carbon, along with other corollary poli- 
cies, then the appropriate mix of energy resources can be bet- 
ter — 

Senator Inhofe. Yes, but that was not my question. My question 
was, should we not develop our own resources? 

Mr. Frumhoff. I think we have to look at the cost of extraction. 
Obviously, in the case of offshore drilling the cost of extraction, the 
environmental and societal costs of extraction are very high. If we 
have lower cost ways of essentially achieving the same energy ben- 
efits through the low hanging fruit of energy efficiency 

Senator Inhofe. Well, how do we find out if we are not able to 
go after 83 percent of those resources reserves that are out there? 
How can you determine what the costs are? 

Mr. Frumhoff. Well, most environmental assessment with 
which I am familiar suggest that the environmental costs of that 
extraction would be very high. And that is why I think it has been 
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wise to look for other approaches to achieve our energy independ- 
ence and to reduce carbon at the same time. 

Senator Boxer. Thank you, Senator. 

I am just going to put into the record, Mr. Sims, I know you have 
not read the whole bill, but if you look at section 191, subtitle H, 
what you will find is a whole natural gas section. And the natural 
gas industry is working with us, the American Natural Gas Asso- 
ciation, because different from the House bill, and different from 
Lieberman- Warner, we have a natural gas title here, subtitle, and 
what we allow for is, if you are plugging up a leak from a natural 
gas pipeline, that is an allowable offset. 

That is No. 1, and it huge for them. It is very good for them. And 
second, there is an authorization to help them build cleaner plants. 
So, please know that we agree with you that natural gas is very 
important, it is very abundant apparently, and we are working 
with them to do even more. But we have come a long way. 

And at this point, is it Senator White house? Or is Senator Udall 
first? 

Senator Udall followed by Senator Whitehouse. OK. 

Senator Udall. Thank you. Madam Chair. 

Senator Boxer. Oh, I am so sorry. In between the two of you is 
Senator Alexander. Forgive me. 

Senator Udall. He has been waiting there, patiently. 

Madam Chair, thank you for your very kind comments about my 
advocacy for tribes. I think you also have been very attentive to 
tribal needs, and in particular, worked hard, I think, to protect 
California tribes, and you are a real champion of tribal sovereignty. 

With that, let me ask President Sharp. It is my understanding 
that the Quinault Indian Nation, and other Indian tribes, have 
been engaged extensively over the past several years to establish 
intergovernmental cooperation at State and Federal levels. We 
have had some success in improving the coordination and coopera- 
tion with Indian tribes in this legislation so far. 

But what would you suggest we do to stren^hen provisions to 
support tribal participation in such forums in this legislation? 

Ms. Sharp. I think, probably, the main thing that we would seek 
is that tribes have a direct and specific policy, what I call policy 
and regulatory deference. Tribes are in the best position to know 
and understand the problems that we confront and face at home. 
We have extensive oral history throughout many generations. 

And we would like to be able to blend western science with tradi- 
tional knowledge. And to be able to do that effectively, tribes 
should be given regulatory and policy deference as we develop our 
own standards, our regulatory structures, as well as how that im- 
pacts our economy within reservation lands. 

Senator Udall. Now, this legislation that we expect to pass here 
through the committee in the next couple of weeks is expected to 
be combined with the Senate Energy Committee, and we also hope 
to include legislation on tribal energy being developed by the Sen- 
ate Indian Affairs Committee. 

Should this legislation be improved to encourage and facilitate 
tribal development of clean, renewable energy? 

Ms. Sharp. Absolutely. 

Senator Udall. What would you suggest there? 
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Ms. Sharp. I would suggest that, if Congress and Members of 
Congress in leadership could take a step back to really understand 
that tribes, in this particular issue, need to be direct participants. 
We have advanced these issues locally, regionally, nationally and 
internationally operating under this assumption. We are facing a 
global crisis that is of apocalyptic concern. 

In those circumstances, it is not right for us, for me as a policy- 
maker of one jurisdiction, to operate in a vacuum. Not only a 
human vacuum, a mankind vacuum, but to look at the interests 
that transcend borders. And leadership in this era, in this time, de- 
mands and requires that all public policymakers draw on all infor- 
mation, economic information, cultural, historic information, sci- 
entific information. 

And so, I would strongly encourage that this Congress realize the 
value that Indian country brings when tribes do collaborate with 
the Federal Government on restoration efforts that blend tradi- 
tional knowledge. The benefits are multiplied. And we are at an 
era where it is such a crisis, we need all information to make cal- 
culated decisions moving into the future. 

Senator Udall. Thank you. That is very well put. 

Mr. Schweiger, in New Mexico, we are already seeing the early 
impacts of climate. The Jemez Mountains west of Santa Fe saw the 
biggest average increase in temperature and decrease in moisture 
of anywhere else in the State in 2008. Those change likely contrib- 
uted to a massive Pinion Pine forest die off in the mountains that 
we have not seen in a long, long time. 

Now, natural resource adaptation is an unfamiliar phrase to 
many folks, even those who may be familiar with traditional con- 
servation efforts. Could you describe a few examples of the types 
of projects that would be pursued under this legislation, including 
the investments made in communities and the jobs that would be 
created and preserved? 

Mr. Schweiger. Thanks, Senator. I think the great challenge we 
have today is that the ecosystems that we have tried to protect in 
previous actions may, in fact, be disconnected from the resources 
themselves. And there are some places where we need to create 
corridors where wildlife — and we also need to take steps to protect 
stream sides from over warming through planting of buffer strips 
and reducing the temperatures of stream side corridors. 

We also, I believe, have opportunities to take steps to deal with 
coastal sea level rise and invest in protecting habitats that will 
someday be submerged while than allow those habitats to be built 
upon today. 

So, there are a number of things that we can do. I also think 
that, you know, we need to remember that in order to stay even 
with climate change today, the animals, birds and plants need to 
be moving at about 30 to 43 feet per day according to the best cal- 
culations that we have seen. So, it means that we need to help 
them move either up slope or move further north to make those ad- 
justments. 

It is going to redefine conservation. And frankly, I think there 
are a lot of really good minds working on what that looks like be- 
cause it is not going to be the same thing as we had 40 or 50 years 
ago. We need to rethink how we manage natural resources to pro- 
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tect the living resources and plants to help them adjust to the cli- 
mate consequences that we are causing. 

Senator Udall. Thank you, and thank you to the entire panel. 

Thank you, Madam Chair. 

Senator Boxer. Thank you, Mr. Schweiger. That was really fas- 
cinating to listen to you. 

Senator Alexander. 

Senator Alexander. Thanks, Madam Chairman. And thanks to 
the witnesses for being here. 

A couple of things for the record. First, the Chairman and I have 
gone back and forth a little bit about the costs of wind power 
versus nuclear plants. I accept the National Academy’s conclusions 
that climate change is real and that humans have probably caused 
most of it recently. And I hope the Chairman will accept the report 
of the National Academy of Sciences of July that says the cost of 
making 20 percent of our electricity from wind power is about the 
same as making 20 percent of our electricity from nuclear power. 

Senator Boxer. Senator, honestly, I do not remember discussing 
the cost. I was talking about the rate payers’ costs. 

Senator Alexander. Well, that is who pays for each one. 

Senator Boxer. OK. 

Senator Alexander. The cost to the rate payer for nuclear, ac- 
cording to the National Academy, is 6 cents to 13 cents over the 
lifetime per kilowatt hour and 4 cents to 10 cents for wind over its 
lifetime. And the wind does not include the transmission power or 
the back-up power. You have to build, you know, natural gas or 
coal or nuclear plants to back them up because the wind does not 
blow but a third of the time. And it does not include the taxpayers’ 
subsidy, which over 10 years 

Senator Boxer. I am going to add back a minute to your time 
because I want to 

Senator Alexander. I just wanted to 

Senator Boxer. No, no. I think this is important. 

Senator Alexander. But the rate payers would pay the same. 

Senator Boxer. OK. I think it is important to note that tax- 
payers picked up the bill for the Price-Anderson Act. And that is 
always forgotten. 

Senator Alexander. No, Madam. 

Senator Boxer. It is in there. 

Senator Alexander. May I correct that? Because 

Senator Boxer. Well, after the certain amount of billions, then 
the taxpayer is for catastrophic. We know that. 

Senator Alexander. Well, each, let me see if I remember right, 
you have got 104 nuclear reactors, they each are responsible up to 
the first $10 billion? 

Senator Boxer. Ten billion dollars. 

Senator Alexander. So, anything above 104 times $10 billion 
the taxpayer would be responsible for, but the taxpayer takes care 
of disasters every time we have one of that magnitude. 

Senator Boxer. Well, if I could say, it is quite a different situa- 
tion. But I mean, if you know what happened in Chernobyl, I do 
not see that happening with wind power. 

Senator Alexander. That was in Russia, Madam. 

Senator Boxer. Yes, and Three Mile Island 
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Senator Alexander. The taxpayer has never paid a penny of 

Senator Boxer. But that is not the issue. The issue is, if we do 
not have to, why do we not repeal? I will join you in repealing it, 
because I think that would make it much more attractive to the 
American people if they did not have to worry about the possibility 
of a catastrophic 

Senator Alexander. I would do that if you would join me in re- 
pealing in the $170 billion subsidy for wind power that we will be 
paying over 10 years to make 20 percent of our energy. 

Senator Boxer. Well, let us talk. I doubt that we will reach a 
meeting of the minds for a lot of reasons 

Senator Alexander. Probably not. 

Senator Boxer. But I have to say, I have to say, really, I think 
nuclear is going to be part of the mix. And this is the last point. 
I think what we have argued about more than the cost is that at 
the end of the day there will be more nuclear plants built under 
the Kerry-Boxer bill than under your plan to build 100 plants. That 
is what the studies show. 

And for some reason, you continue to make the point that nu- 
clear is the answer when, in fact, in our bill there will be more nu- 
clear plants built under out bill than under your build 100 plants 
now scenario. 

Senator Alexander. Well, my problem with that. Madam Chair- 
man, and I would like to discuss this with you, is that the bill that 
we are writing here will be combined with the renewable energy 
bill, which favors wind and excludes nuclear. So, we have a na- 
tional windmill policy that encourages and subsidizes building 
windmills, and we have not started a nuclear power plant in 30 
years. 

Senator Boxer. Well, let us talk about the loan guarantees. You 
want to talk about that for nuclear? I mean, let us face it 

Senator Alexander. I would like us to have a carbon-free elec- 
tricity standard 

Senator Boxer. I love it. 

Senator Alexander. Where all forms of carbon-free energy would 
be treated the same. 

Senator Boxer. That is fine. That is fine. But you forget, what 
you forget every time we have this conversation, which I enjoy, is 
the Price-Anderson Act, you forget about that, you forget about the 
loan guarantees, you forget about a lot of the things. 

I think what we should do, just because it is an intellectual de- 
bate, which I think is worthy of our time but probably not now, 
these poor people. But why do we not sit down and I will make a 
list of all the Government subsidies that the nuclear industries get, 
and I will make a list of all that the wind gets 

Senator Alexander. Good. 

Senator Boxer. And you do the same. 

Senator Alexander. I will. 

Senator Boxer. And let us sit down and compare. But at the end 
of the day, they are both very important to the future here because 
they are clean, and that is good. 

Senator Alexander. And I had included in the record the other 
day the estimates that over the next, the subsidies for wind are 
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about 10 times that for nuclear, and they are much more than any 
other form of renewable energy. 

But I accept your invitation, and I look forward to doing this. I 
just wanted to make sure that it was noticed that the rate payers, 
the cost of wind, according to the National Academy of Sciences, 
the rate payers would pay about the same in each case. 

Senator Boxer. OK, OK. 

Senator Alexander. Now, I would also like to include in the 
record what I think is a pioneering study done by the Nature Con- 
servancy, if I may. Madam Chairman, which is entitled Energy 
Sprawl or Energy Efficiency: Climate Policy Impacts on Natural 
Habitats in the United States of America, and remarks I made on 
the perils of energy sprawl to the Resources for the Future on Octo- 
ber 5, 2009. I would like to include that in the record. 

Senator Boxer. Absolutely. 

Senator Alexander. The recommendations of the Nature Con- 
servancy paper, I hope, are something this committee would take 
seriously. They warned that over the next 20 years new energy pro- 
duction, especially biofuels, which we are learning more about, and 
wind power, will consume a land mass larger than the State of Ne- 
braska, and they made some suggestions for how we might deal 
with that. 

The first insight was the size of the [unclear]. The second was 
they noted the widely varying amounts of land consumed by dif- 
ferent production, for example, in terms of biomass, to equal the 
production of one nuclear reactor, you would have to continuously 
forest an area the size of the Great Smoky Mountains with hun- 
dreds of trucks running up and down the mountain every day with 
wood chips. 

And in terms of when, I would point out, that a row of 50-story 
wind turbines along the entire 2,178 mile Appalachian Trial, 50- 
story wind turbines, would generate the same amount of electricity 
produced by four nuclear reactors on 4 square miles. 

And they suggested site selection was important, talking about 
the impact on wildlife. To Mr. Schweiger, let me ask you. Have you 
thought about the renewable energy sprawl and its effect on wild- 
life? I think some of the State wildlife commissions may have. 

And specifically, ExxonMobil pleaded guilty in Federal Court to 
killing 85 birds that came into contact with crude oil or pollutants 
that are protected by the Migratory Bird Treaty Act which dates 
back to 1918. They paid $600,000 in fines. 

The wind turbines we have today kills between 75,000 and 
275,000 birds a year, according to the Bird Conservancy. If we 
make 20 percent of our electricity from wind turbines, that would 
be 1.4 million birds per year. What would be the fine for killing 1.4 
million birds per year? At one wind farm near Oakland, California, 
it estimates that its turbines kill 80 Golden Eagles a year. 

Have you thought about that in your Federation, and do you 
think the Migratory Bird Act ought to apply to other forms of en- 
ergy production? 

Mr. Schweiger. Well, let me answer your first question first. In 
terms of land use impacts, I think we need to be thoughtful and 
careful about where we place those systems so that we avoid de- 
stroying the fragile ecosystems that are truly important to overall. 
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you know, life on earth. And I think that with some great care 
going into that, we can do that. 

Second, we need to pay very close attention to the types of tech- 
nology deployed and how they are done. I think there have been 
vast improvements in wind turbines, and I think we need to con- 
tinue to develop, you know, approaches that avoid bird strikes and 
strikes of bats and other things. 

Senator Alexander. Do you think the Migratory Bird Treaty Act 
ought to apply to other forms of energy production? 

Mr. SCHWEIGER. Well, I think the Migratory Bird Treaty Act 
ought to be enforced wherever it is a problem. 

Senator Alexander. So, if it kills 1 million birds a year, then 
who, the wind developers are responsible for that just as oil devel- 
opers are for 

Mr. ScHWEiGER. I think that we need to be careful of what we 
are doing with wildlife and make sure that we protect birds as a 
resource of this country. 

I would also point out to you that I spent a week in Prince Wil- 
liam Sound where Exxon caused the pollution there, and the oil 
that they spilled is still there. It just under the sand about 6 of 8 
inches and I traveled around with some scientists looking at that 
over the entire system. So, it continues to still have a tremendous 
impact on not just birds, but other life as well. I think Exxon got 
away with a lot. 

Senator Alexander. I think the fine was fine. I think they 
should be fined for killing 85 birds. I was just suggestion that 100 
nuclear reactors on 100 square miles might kill fewer birds and 
disturb less wildlife than 186,000 wind turbines and 19,000 new 
miles of transmission lines. 

Senator Boxer. OK. 

Senator Whitehouse. 

[The referenced study and remarks follow:] 
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Introduction 

Climate change is now acknowledged as a potential threat to 
biodiversity and human well-being, and many countxi^ are seeking to 
reduce their emissions by shifting from fossil fuels to other energy 
sources. One potential aide effect with this .switch is the increase in area 
required by some renewable energy production techniques [1-5]. 
Energy production techniques vary in the spatial extent in which 
production activities occur, which wc refer to as their energy sprawl 
[2,3], dehned as the product of the total quantity of energy produced 
annually (c.g., TW hr/yr) and the land-use intensity of production (e.g. 
km^ of habitat per TW hr/yr). While many studies have quantified the 
likely effect of dimate change on the Earth’s biodiveisity due to 
dimatc-drtven habitat loss, conduding that a large proportion of 
spedes could be driven extinct [6-fl], relatively few .studies have 
evaluated the habitat impact of future energy sprawl. It is important to 
understand the potential habitat effects of energy spratvl, especially in 
reference to the loss of specific habitat types, since habitats vary 
markedly in the spedes and ecosystem processes they support. 

Within the United States, the world's largest cumulative polluter 
of greenhouse gases, concern over climate change has led to the 
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consideration of a cap-and-tradc system to regulate emissions, such 
as the previously proposed lieberman-Warner Climate Security 
Act (S. 2191) [9] and the Low Carbon Economy Act (S. 1766) 
[10]. Major points of contention in structuring a cap-and-trade 
system are the feasibility and desirability of carbon capture and 
storage (CCS) at coal plants, the creation of new nudear plants, 
and whether to allow international offset programs that permit 
U.S. companies to meet obligations abroad [11]. The rules of a 
cap-and-trade system, as well as technological advances in energy 
production and changes in the price of fossil fuels, will affect how 
the U.S. generates energy. In this study we take scenarios of a cap- 
and-trade system’s effect on United States energy production and 
evaluate each scenario’s impact on habitat due to energy sprawl. 
Our scenarios (Fig. lA) arc based on the Energy Information 
Administration (EIA) forecast of energy production in 2030 [12] 
under current law (the “Reference Scenario”), including the 
renewable fuel standard of the Energy Independence and Security 
Act of 2007, and under three cap-and-trade scenarios: the “Core 
Cap-and-Tradc Scenario”, where the full Lieberman-Warner 
Climate Change Act is implemented; the “Few Options 
Scenario”, where international offsets are not allowed and where 
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Figure 1. U.S. energy consumption and total new area impacted. (A) U.S. energy consumption in 2006 and under four EIA scenarios. Energy 
conservation of liquid fuels and electricity, calculated relative to the Reference scenario, are shown as negative since they reduce consumption. (B) 
The total new area impacted because of development between 2006 and 2030. The new area impacted, or energy sprawl, is a product of 
consumption and the land-use intensity values in Figure 3. Energy conservation is calculated based on a scenario-specific weighted-average of the 
energy mix. 

doi:10.1371/journal.pone.0006802.g001 


new nuclear production and coal production with CCS arc not 
possible; and the “CCS Scenario”, where Congress enacts the 
Low Carbon Economy Act, a cap-and-tradc system more 
favorable to coal with CCS. 

Under each scenario, we first estimate the total new land area in 
the U.S. needed to produce energy for each production technique 
as a function of the amount of energy needed and the land-use 


intensity of production. Wc examine the effect of U.S. climate 
policy on future energy sprawl using energy' scenarios based on 
proposed legislation, building on a body of literature on this topic 
[1,2,13-15]. Note that our analysis focuses only on U.S. land-usc 
implications, ignoring other, potentially significant international 
land-usc implications of U.S. climate policy. Second, wc use 
available information on where new energy production facilities 
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Figura 2. Major habitat typas used to analyze the land-use implications of EIA scenarios. Within each major habitat type, there are a 
variety of land-uses, from relatively wild places to agricultural arwi urban systems. Our analysis estimates the new area needed for energy 
development within each major habitat type, without specifying where within each major habitat type this energy development might occur. 
doi:1 0.1 37 1/]ournal.pone.0006602.g002 


would be located to partition this area among major habitat types 
(Fig. 2). We calculate the new area direedy impacted by energy 
development within each major habitat type, but do not attempt to 
predict where within each major habitat type energy development 
will take place, nor possible indirect efleccs on land-use regionally 
or ^obaliy due to altered land markets. Our analysis provides a 
broad overview of what change in the energy sector will mean for 
area impacted in different natural habitat types, recognizing that 
such a broad analysi.s will inevitably have to simplify parts of a 
complex world. 

Results 

Land-use intensity of energy production 
The land-use intensity of different energy production techniques 
(i.e., the inverse of power density [16,17]), as measured in km^ of 
impacted land in 2030 per terawatt-liour per year, varies over 
three orders of magnitude (Fig. 3). Nuclear power (1. 9-2.8 km^/ 
TW hr/yr), coal (2.5-17.0 km^/TW hr/yr) and geothermal (1.0- 
13.9 km'^/TW^ hr/yr) are the most compact by this metric. 
Conversely, biofuels (c.g., for corn ethanol 320-375 km^/TW hr/ 
yr) and biomass burning of energy crops for electricity (433- 


654 km^/TW' hr/yr) take the most space per unit power. Most 
renewable energy production techniques, like wind and solar 
power, have intermediate values of this metric. 

Energy conservation can reduce overall energy consumption 
thus reducing the area impacted by energy development. For 
every TW hr decrease in annual electric power consumption, a 
weighted-average of electricity use under the Reference scenario 
suggests 7.6-28.7 km^ of avoided impact. The corresponding 
figure for liquid fuels (27.5-99.3 km'^ of avoided impact per TW 
hr/yr) is higher because of the reiarivcly large land-use intensity of 
biofuels. 

Our definidon of impact varies among energy production 
techniques, so a less compact way of generating energy does not 
necessarily mean that an energy production technique is more 
damaging to biodiversity, but simply that it has a larger spatial 
area impacted to some degree. Moreover, many energy produc- 
tion techniques actually have multiple effects on biodiversity, 
which operate at different spatial and temporal scales. Biodiversity 
impacts that are likely to scale with areal impact include habitat 
replacement and habitat fragmentation. Energy production 
impacts on biodiversity not related to land use intensity include 
impacts on air quality (c.g. acid rain, particulates), water quality 
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Figure 3. Land-use intensity for energy production/conservation techniques. Value shown is for 2030, as measured in km^ of impacted 
area In 2030 per terawatt-hour produced/conserved in that year. Error bars show the most-compact and least-compact estimates of plausible current 
and future levels of land-use intensity. Numbers provided are the midpoint between the high and low estimates for different techniques. For liquid 
fuels, energy loss from internal combustion engines is not included in this calculation. 
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(e.g. mercury, eutrophication), water consumption (e.g. irrigation 
water, evaporation from hydroelectric reservoirs), and water flows 
(e.g. dam-based hydroelectric). Further, the longexnty of the 
impacts described here varies. For example, radioactive nuclear 
waste will last for millennia, some mine tailings will be toxic for 
centuries, and other mines may be reclaimed for agriculture within 
decades. 

A full discussion of tbe impacts on biodiversity of energy 
production is beyond the scope of this paper, but one fundamental 
distinction is worth making. Some energy production techniques 
clear essentially all natural habitat within their area of impact. A 
review of the literature (sec citations hclow and in Supplementary 
Text SI) found this to be true for coal, nuclear, solar, and 
hydropower, as well as for the growth of energy crops for biofuels 
or for burning for electricity. Energy crop production is a 
particularly complex situation because even if new energy crcq> 
production occurs on land that was previously in agricultural 
production, remaining global demand for agricultural commod- 
ities may spur indirect effects on land-use elsewhere, potentially 
causing an agricultural expansion in areas far from the location of 
energy crop production [18]. Other energy production techniques 
have a relatively small infrastructure footprint and a larger area 
impacted by habitat fragmentation and other secondary cflects on 
wildlife. A review of the literature found that production 
techniques that involve wells like geothermal, natural gas, and 


petroleum have about 5% of their impact area affected by direct 
clearing while 95% of ihcir impact area is from fragmenting 
habitats and species avoidance behavior. Wind turbines have a 
similar figure of about S-.*) % of their impact area affected by direct 
clearing while 95-97% of their impact area is from fragmenting 
habitats, species avoidance behavior, and issues of bird and hat 
mortality. 

Energy sprawl in 2030 

Regardless of climate change policy, tbe total new area affected 
by energy production techniques by 2030 exceeds 206,000 km** in 
all scenarios (Fig. IB), an area larger than the state of Nebraska. 
Biofuels have the greatest cumulative areal impact of any energy 
production technique, despite providing less than 5% of the U.S. 
total encfgy under all scenarios. Biofuel production, and hence 
new area impacted, is similar among scenarios because EIA’s 
economic model suggests that, under current law, incentives for 
biofiici production cause expansion of this energy production 
technique regardless of climate policy. 

Nevertheless, in the scenarios we considered there is a tendency 
for greater reductions in greenhouse gas emissions to be associated 
with a greater total new area affected by energy development, 
piarticularly under the Core Cap-and-Trade and Few Options 
Scenario (Figure 4). A decrease in U.S. emissions increases the new 
area impacted, although the magnitude of the effect is policy 
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Figure 4. Greenhouse gas emissions and total new area 
impacted with a cap-and-trade system. Arrows depict the 
difference between the Reference Scenario, with no cap-and-trade 
system, and three other scenarios where a cap-and-trade system is 
implemented. Greenhouse gas emissions measured in million tonrtes of 
carbon dioxide equivalent. 
doi:10.1371/joumaLpone.0006802.g004 

specific. Under the Core Cap«and»Trade scenario, the burning of 
energy crops for electricity becomes profitable after the price of 
electricity rises due to the cap-and-trade system, resulting in a 
large new areal impact. Similarly, wind power is very important in 
the Few Options scenario, where new electric production from 
coal and nuclear is not an option, and causes a large new areal 
impact. Conversely, in scenarios where there is not control on 
carbon emissions (Reference Scenario) or in cases where CCS b 
viable (c.g., CCS Scenario), coal production has a large new areal 
impact. The infrastructure for CCS is actually a small fraction of 
the area impacted by coal mining itself, so the major land-use 


change implication of the viability of coal with CCS is the 
continuation of coal mining {Supplementary Data SI). 

Our results stress the importance of energy conservation for 
reducing energy sprawl. Relative to the Reference scenario, all 
c^-and-trade scenarios involve a reduction in energy consumed 
(Fig. IB), because of energy efficiency and foregone consumption 
due to h^her energy prices. This energy conservation is primarily 
in the electricity market, which is more clastic than demand for 
liquid fuels. Electricity conservation avoids impacts on at least 
49,600 km^ in the Core Cap-and-Trade scenario, while at least 
2,500 will be saved due to liquid fuel conservation, compared 
to the Reference scenario. EIA assumptions about the potential for 
energy conservation arc relatively modest [19] and some groups 
argue that energy conservation has greater potential [20]. 

Habitat impacts 

The major terrestrial habitat types (Fig. 2) impacted domesti- 
cally by energy development varied among energy production 
technique (Table 1). Regardless of scenario, the major habitat 
types with the most new area affected, summing over all energy 
production techniques, are Temperate Deciduous Forests and 
Temperate Grasslands (Supplementary Data S2). In the Reference 
scenario. Temperate Deciduous Forests have between 95,000 km^ 
(most compact estimate) and 229, 0(X) km^ (least compact estimate) 
impacted, while Temperate Grasslands have 65,000-168,000 km^ 
impacted. In the Core Cap-and-Trade scenario these types have 
1 19,000-254,000 km“ and 88,000-191,000 kin“ impacted, re- 
spectivcly. Patterns of total new areal impacts arc driven by biofuel 
production, which peaks in these two habitat types. Biomass 
burning for electricity and coal mining arc also concentrated in 
Temperate Deciduous Forests and Temperate Grasslands. Wind 
production onshore is likely to affect Temperate Conifer Forests 
and Temperate Grasslands in the western U.S, disproportionately. 
The least impacted habitats are: Tundra; Boreal Forest; Tropical 
Dry Forests; Flooded Grasslands; and Tropical Moist Forests. All 
of these habitat types have less than 150 km^ impacted by energy 
development in the Reference Scenario and less than 600 km^ 
impacted by energy development in the Core Cap-and-Trade 
Scenario, using the minimal sprawl estimates from Figure 3. 


Table 1. Minimum new area (km^) of habitat types impacted in the U.S. 


Habitat Type 

Coal 

Biomass 

Biofuels 

Wind 

Boreal Forests 

, 94 {^27)' 


3(+0) 

6 1+9) 

Deserts 

2,310 (-662) 

257 (+1244) 

372 (+14) 

884 (+1,300) 

Flooded Gtasslands. 

, ■ 0(0) • • 


' ' '' 4H+1), , V- 

: 0 (0) 

Mediterranean Habitat 

S(-1) 

123 (+596) 

1,699 (+37) 

54 (+79) 

Tennperat4 Conifer Forest 

4,936 (“M13) . . 

: 

12,977 (+739) : 

' '2,8B5,(+4^1'^) 

Temperate Deciduous Forests 

10,297 (~2,W5) 

4,014 (+19,415) 

76,841 (+6,751) 

428 (+630) 

Temperatt Grasslands 



46,821 (+4,136) 

' 1,392i+2,0^V 

Tropical Dry Forests 

0(0} 

4 (+18) 

5(0) 

34 (+50) 

Troptail GrasslaiKlS ■ 

•••• 'bSCWl-BT'S)' '■ 

•'V) 

1,M3(+6S) 


Tropical Moist Forests 

0(0) 

7 (+32) 

9(0) 

78 (+115) 

Tundra 

•• 0 (O)', • 


0(0) 

\\om 


Data are from the Reference Scenario for four major types of energy developmenc coal production, biomass burning for electricity, biofuel production, and wind power. 
Energy development is partitioned among habitat types, as depicted in Figure 2. Numbers in parentheses are the change in value under the Core Cap-and-Trade 
Scenario. For example, boreal forests have 94 km^ affected under the Reference Scenario by coal, but have 27 fewer km’ affected by coal under the Core Cap-and-Trade 
Scenario {i.e., 67 km’). 
doi;10.1371/journai.pone.0006802.t001 
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The major habitats impacted by new energy development also 
varied among scenarios for certain energy production techniques. 
For example, scenarios where continued coal power generation is 
viable, either because of no restrictions on carbon emissions 
(Reference scenario) or because CCS is viable (c.g., CCS scenario) 
have greater impacts on those major habitat types with major coal 
scams (e.g., Temperate Deciduous Forests). Conversely, scenarios 
where coal power generation is less viable have greater production 
from wind, affecting specific habitat types where those production 
techniques are favorable (c.g., Temperate Conifer Forests). 
Climate policy thus controls the extent to which ^ccific habitat 
types arc at risk from new energy development. 

Discussion 

Our analyses show that, regardless of scenario, at least 
206,000 km2 of new land will be required to meet U.S. energy 
demand by 2030. Further, implementing a cap-and-tradc system 
may increase the total new area impacted hy energy development 
and change its distribution among habitat types, relative to the 
Reference scenario. Energy production will shift from fossil fuels to 
energy production techniques that draw more diffuse energy from 
a broader spatial area. Note that because the EIA analysis assumes 
that the energy market responds to price signals and does not 
explicitly attempt to minimize land-use per se, it is theoretically 
possible that there are other, more expensive mixes of energy 
production that would satisfy U.S. energy needs in 2030 hut would 
take less space. Although policies that reduce carbon emissions 
with minimal new land use are possible, none of the different 
policy EIA scenarios we considered were designed with that goal 
in mind. As shown by Wise ct al. [21], if there were financial 
incentives to minimize land-use in energy production like a tax on 
greenhouse gas emissions from land-use change, the energy market 
response to a cap-and-trade might be very different from the 
response depicted in the EIA scenarios. 

There arc at least four ways to achieve emissions reduction hut 
avoid the potential side effect of energy sprawl. First, energy 
conservation can help reduce the new energy needed by the U.S., 
reducing the area impacted by new energy development. Second, 
because end-use generation of electricity often occur on already 
developed sites, it has minimal habitat impacts, and policy 
instruments that encourage end-use generation can abo decrease 
the total area impacted. Third, our results suggest that energy 
sprawl is less severe when the cap-and-tradc bill is more flexible, 
allowing for CCS, new nuclear plants, and international offsets. 
Fourth, many areal impacts can be midgatcd or eliminated with 
appropriate site selection and planning for energy development. 
The new area affected by energy development within each major 
habitat type might, for example, have minimal biodivcRtty cflccts 
if sited in already disturbed places. 

The areal impacts on habitat types will vary among scenarios, 
along with the potential biodivcRity impacts of U.S. climate 
policy. While not all impacts on biodivcRity are strictly related to 
the areal impact, it is likely that energy production techniques with 
a large areal impact will have a relatively large biodivcRity impact. 
Thus, the details of climate change policy, by favoring particular 
cnerg>' production techniques, pick biodiversity winners and 
loscR. For instance, the Few Options Scenario assumes that 
international offsets, actions taken abroad to prevent carbon 
emissions or sequester more carbon, are not allowed under a cap- 
and-trade regime. The major response forecasted by EIA is an 
increase in wind production domcstieally relative to the Reference 
Scenario, afl'ceting especially Temperate Conifer Forests and 
Temperate Grasslands. This increase in wind production may be 


compatible with biodiversity if properly sited, hut certainly will 
pose a challenge for conservationists, because of the large area 
impacted and the threat of bird and bat mortality [22]. On the 
other hand, the biodiveRity impacts of international offsets arc 
beyond the scope of this paper, but could conceivably be negligible 
(e.g., scrubber on Chinese coal plant smokestacks), negative (c.g., 
replacing natural grasslands with plantation forests), or positive 
(e.g., reducing emissions from degradation or deforestation). 

Regardless of whether or not a cap-and-tradc system is 
in^lcincnted, the EL\ analysis forecasts that biofuels will increase 
dramatically in importance, with large areal impacts. In the 
Reference scenario 141,000-247,000 km^ will be impacted by 
biofueb. Within the United States much energy crop production 
will occur on grassland or forest sites already in use for agricultural 
production, although increased aggregate demand for agricultural 
commodities may still spur agricultural expansion domestically or 
internationally (i.e., indirect land-use cflccts). In part, the large 
increase in biofuels forecasted hy EIA simply reflects their 
assumption that current law, including the renewable fuel standard 
defined by the Energy Independence and Security Act of 2007, is 
maintained to 2030. In part it also reflects the inelasticity of the 
market for liquid fuels, relative to the electricity market, and the 
likely high cost of petroleum over the long-term [23]. It seems 
likely that under current law there will be a large areal impact 
from biofueb regardless of the cap-and-tradc system put in place. 
Given the high land-use intensity of biofueb, techniques for either 
increasing the efficiency of biofuel production or making sites of 
energy crop production more biodiversity-friendly should be a 
high priority for researeh. 

Our results demonstrate that, under eertain poKcy scenarios, 
one potential side effect of reducing emissions is an increase in 
habitat impacts. The impact of a cap-and-trade system will be less, 
however, than from biofuel production already mandated by 
current law. A§^ressivc energy conservation, appropriate siting, 
sustainable production practices, and reduction of greenhouse gas 
embsions will all be necessary to minimize the impact of future 
energy use on habitat and wildlife. Energy sprawl deserves to be 
one of the metrics by which energy production is assessed. 

Materials and Methods 

Our analysis proceeded in two phases. First, we calculated the 
new land area of energy development necessary to meet the EIA 
scenarios. Not all biodiveRity impacts arc directly related to the 
amount of land taken up by a technology, but it is likely that an 
energy production technique that takes a lot of land will have a 
relatively large biodiveRity impact, so the total new area impact is 
a useful quantity to measure. Second, we partitioned this new land 
area among different geographic regions. We focused on domestic 
impacts for this analysis, ignoring the future habitat impacts of 
forcign-produced energy, principally future oil imports from 
Canada, Latin America, and the Middle East, as well as future 
ethanol imports from Brazilian sugarcane plantations. Similarly, 
we focused on tcirestrial impacts for this analysis, ignoring 
potential freshwater or marine impacts by hydropower, wind, 
oil, and natural gas development in U.S. waters. Finally, we are 
calculating direct land-use (how much land will we need to 
produce cnci^?), and did not attempt to estimate secondary 
changes in the land market in response to the direct land-use. 

Scenarios 

Our analysis is based on the EIA’s 2008 scenarios of energy 
markets and the economy [12]. These scenarios were calculated by 
EIA’s National Energy Modeling System, a comprehensive 
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econometric model of U.S. energy production, imports, and 
consumption. The scenarios supply information on the amount of 
additional energy consumed in 2030 in a particular sector (e.g., 
million barrels per day of petroleum, billion KW hr of new 
generation capacity by solar power). Wc use four scenarios in our 
analysis. A Reference scenario describes what will likely haj^n in 
U.S. energy markets under laws in force as of April 2008. The 
Core Cap-and-Trade scenario forecasts the effect of the lull 
Lieberman-Wamer Climate Security Act (S. 2191), which 
regulates emissions of greenhouse gases through a cap*and-trade 
system and provides economic incentives for increased energy 
efficiency [24], One variant of S. 2191 is considered, the Few 
Options scenario, where the use of international ofl^ts in 
greenhouse gas emissions is either not economically feasible or is 
severely limited by regulation and where there is no increase in 
nuclear, coal with CCS, and imports of liquefied natural gas over 
current levels (the EIA called this the “Limited Altemativcs/No 
International Offsets case”). Finally, the CCS scenario forecasts 
the effect of the Low Carbon Economy Act (S. 1 766), which also 
sets up a cap-and-trade system for greenhouse gases but offers 
strong incentives for the development and deployment of CCS 
[25]. Overall energy consumption by each sector for each scenario 
is shown in Figure 1 A. 

Four things about the scenarios are worth noting. First, other 
scenarios of the likely effect of S. 2191 [11,24] are available from 
other groups, although they are broadly similar to the EIA 
analysis. Second, all scenarios of the effect of a cap-and-trade hill 
are tentative due to uncertainty about the pace of technological 
change, among other things. Thus, the EIA scenarios wc use in 
this analysis must be taken as indicative of future trends, but not 
definitive [24]. Third, the EIA scenarios model the likely response 
of the U.S. ene^ sector in response to a set of policy assumptions, 
and do not consider land-use per se. The EIA scenarios predict the 
most likely response, and do not attempt to find a more expensive 
energy mix that would minimize the total land-use. Finally, U.S. 
energy policy has changed rapidly since the EIA’s 2008 analysis, 
which still is the most current available full analysis of a cap-and- 
trade bill. The Warner-Licberman bill is no longer considered an 
active bill, and most activity in Congress has focused on the 
Waxman-Markey bill (H.R. 2454), which proposes a very similar 
cap-and-trade system. Additionally, the passage of the American 
Recovery and Reinvestment BiD of 2009 (i.e., the stimulus bill) has 
provided significant support to renewable energy producers, 
particularly wind producers. Thus, the Reference Case discussed 
in this manuscript may underestimate the amount of renewable 


energy production in that case. Despite these changes in U.S. 
climate policy since the EIA’s 2008 analysis, the broad results of 
our analysis will likely apply to any similar cap-and-tradc system. 

Calculating area requirements 

Our general strategy was to estimate reasonable most-compact 
and least-compact values of the amount of area needed to produce 
a certain mnount of energy in a year, the land-use intensity of 
production. Wc then multiplied the needed energy by our 
m«isurement of land-use intensity of prodnetion (km^/energy/ 
yeru") to obtain the “energy sprawl,” the total new area needed for 
new energy production in that sector. Calculation of land-use 
intensity tn this manner is useful for the goals of our analysis, 
allowing calculation of the total new area impacted by energy 
development It is similar to the measurement of “area efficiency” 
[26], in that it does not attempt to account for site preparation 
prior to energy production nor potential site reclamation after 
production has ceased, which arc sometimes considered in a full 
life-cycle analysis [3]. Ecologically, over the time period of our 
study few sites will be reclaimed to vegetation approaching their 
original habitat value [27]. Numerically, our land-use intensity 
values represent a lower estimate because they do not include 
land-use during site preparation or reclamation. While our 
methodology docs not allow a full statistical analysis of the 
uncertainty of our estimates, the variation between the least 
compact and most compact estimates of land-use intensity 
captures most of the uncertainty. 

Estimating areal impacts of new methods of electricity 
generation is relatively straightforward. The EIA forecasts new 
power generating capacity needed (billion KW), after accounting 
for likely retirement of existing generation capacity and the 
nameplate capacity factors of different energy production 
techniques. Wc used values from the literature to calculate the 
km^ of impact per UW of new generating capacity (see Tables 1, 2, 
and Supplementary Text SI). Our approach ignores the 
importation of electricity from Canada or Mexico, on the grounds 
that this is predicted by the EIA to remain a minor component of 
total electricity generation. End-use generation of electricity, 
which is tracked separately for the EIA for several sectors, is 
considered to have negligible area requirements, since it by 
definition occurs on previously developed sites. Similarly, the 
energy efficiency increases in the EIA scenarios are considered to 
have negligible area requirements, since they occur through 
upgrades in existing building and infrastructure. We have not 


Table 2. Land-use intensity of production for coal mining. 


Geographic 

region 

Proportion 
surface mining 

Most compact 
ha/mmt 

Least Compact 
ha/mmt 

Notes 



11.6 pit,: 79.1 SorfK* 

115.7:1*, 791.4 surfece 

Proportion of surfece mining from EWs MOeCoal productrort in 
the United states fact sheet (uses 2003 data). Surface o}al yi^ds 
most compact figure based on Splaley and Ifeoleran '{3], 
compact figure on Flattop mme h4s 2r3 million tons of coat on 600 
acres. Pit mining assumed 10% of area as surface mining. 

interior U.S. 

0-643 

11,6 pit. 79.1 surface 

115.7 pit 791.4 sur^ce 

As above 

Western UiS. • 

0,698 

>: 11.6 p»ti 79.1 sui^ce 

im7|Wt791;4sW^ 

As above 

Import 

0.671 

11.6 pit, 79.1 surface 

115.7 f»t, 791.4 sur^ce 

Proportion surface mining assumed to be same as overall U S 
average. 


For each geographic region of coal, we show the proportion of the coal that is from surface mines versus pit mines, as well as feast-compact and most-compact 
estimates of the area requirements of coal mining, in hectares per million metric tonnes of coal, impact for coal mines is defined as the area directly surrounding the 


!doi:10.1371/journal.pone-0006802.t002 
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attempted to estimate the new area impacted by new long-distance 
trattsmission lines needed to carry new capacity, as the length and 
location of new lines is very uncertain and dejxjnds on future 
energy' production mixes as well as federal and state policy. 

Our estimates of land-use intensity of production arc shown in 
Tabic SI and Supplementary Text Si, Our large-area estimates arc 
generally from current operating plants, whereas our small-area 
estimates represent expert opinion about expected future techno- 
logical advances in efficiency. The definition of impact implied by 
these estimates was designed to match the majority of published 
studies of the severity of impact on biodiversity-, and thas varies 
slightly among energy technologies. For example, for hydropower 
we have assumed that new dam construction inundates an area of 
terrestrial habitat, removing it of most of its native biodiversity. Note 
also that the different categories of electricity generation derive from 
the ELA. report. For instance, the ELV chose to recognize solar 
photovoltaic and electricity from solar thermal as two different 
energy production techniques, and we foUow their convention in 
our analysis. Tltc EIA partitioned solar photovoltaic use between 
end-users, assumed to have negligible land-use implications in our 
analysis, and large-scale generation, which docs have significant 
areal implications. We track end-use and large-scale generation 
separately in this and other eases, follotving EL\’s methodology. 

The EIA forecasts hiofucl (ethanol, biodiesel, and other liquids 
from hiomass) production and total use, with the vast majority of 
use being ethanol in transportation. Moreover, they estimate the 
proportion of domestic ethanol production from corn, cellulose, 
and other feedstocks, as well as net imports of ethanol and 
biodiesel. For each type of biofuel and its feedstock, we estimated 
least compact and most compact estimates of the number of of 
feedstock cropland per liter of biofuel (Table S2 and Supplemen- 
tary Text SI). In general, least compact estimates arc for current 
agricultural yields (kg/m^) and biofuel production efficiencies (L/ 
kg), while most compact estimates are a product of future 
agricultural yields and biofuel production efRcicncics. For some 
crops like soy, the difference in least compact and most compact 
estimates is primarily due to a predicted increase in yield, while for 
other biofuels like ccllulosic ethanol the difference is largely due to 
differences in biofuel production efficiency, 

For many biofuels, farmers also make a portion of their income 
from coproducts, portions of the crop that are not used to make 
hiofiiels but have another economic market. We use a market-value 
allocation approach, defining the actual increase in production area 
of a crop as a function of the fraction of the economic value of the 
crop that is embodied in the biofuel [28]. Note that our 
methodology tracks the direct land-use needs orbiofuel production, 
and does not consider indirect effects on land-use via agricultural 


commodity markets. For example, if a soy field in the U.S. is 
switched to corn to make ethanol, than soy production will likely 
expand elsewhere either domestically or internationally. A full 
accounting of the demand and supply curv-es of the various 
agricultural crops, biofuels, and their coproducts is beyond the 
scope of thb project, but is an active area of research [18,29-31]. 

Estimating the areal impact of fossil fuels was done in an 
analogous manner. EIA analyses divided domestic coal production 
into three geographic regions (Appalachia, Interior, and West). We 
separated the coal produced in each region into the proportion 
mined underground and the proportion mined at the surface, 
using EIA’s factsheet on coal production in the United States. 
Then, using data on the amount of coal removed per unit area, we 
calculated area impacted (Table 2). For this analysis, we ignore the 
relatively small areal impact of coal burning power plants, which 
comprise a small fraction of the areal impact of coal mining. 

For oil production, the EIA estimated imports as well as 
domestic production from three geographic regions: the land 
surface of the contiguous 48 United States (lower 48 onshore); 
water bodies in or close to the contiguous 48 United States (lower 
48 offshore) and the state of Alaska. Note that because EIA 
assumes existing law will continue, including the ban on new oil 
drilling in the Arctic National Wildlife Refuge, Alaska oil 
production actually falls slightly under all scenarios. Based on 
historical data from the United States Geological Survey (USGS), 
we estimated the proportion of oil production that is from oil wells 
(as opposed to incidental production from gas wells) and the 
average number of barrels per day per development well (Table 3). 
We also estimated the number of development wells that arc 
abandoned per year. Using these data, we calculated the number 
of new development wells needed to maintain current production 
and the number of wells needed to achieve any production 
increase forecasted by the EIA. By using this approach we arc 
accounting for the tendency of older wells to fall in production 
over time and be abandoned, necessitating new wells just to 
maintain current production levels. 

For natural gas production the EIA provides one aggregate 
domestic production figure, but does differentiate between pipeline 
natural gas impons, which arc predicted to decline, and liquefied 
natural gas imports, which are predicted to increase. FoUowing a 
similar approach to the petroleum case, we estimated tiic 
proportion of gas production that is from gas wells (a.s opposed 
to incidental production from oil wells) and the average annual 
thousand cubic feet per wcU (Table 3). Methodology generally 
followed that used for oO wells. 

The EIA provides explicit estimates of the emissions avoided 
(million metric tons of CO 2 equivalent) by the use of CCS 


Table 3. 

Land-use intensity of oil and natural gas production. 





Natural 

Resource 

Proportion 
from well type 

Average production 

Most compact 
fha/well) 

Least Compact 
(ha/weli) 

Notes 

Oil 

0.862 from oil wells for 
onshore production In . 
tower 0.636 for Alaska;'' 

1,14 m^/day of crude from 
lower 48 onshore, 56.13 
of crude from Alaska onshore. 

5.6? 

3208 

See text for estimation of trends in <«} . 
productiorj. Pinedale Anticline spacing is 
as most-compact estimate and lonah field 
spacing as ieast-compact esfimafo. 

Natural Gas 

0.948 from natural gas 
wells for U.S, onshore. 

2,821 mVday of dry natural gas 
from U.S. onshore. 

5.67 

32.38 

As above. 

For each geographic region (lower 48 onshore, tower 48 offshore, and Alaska), we used estimates of the proportion of the resource that is withdrawn from each type of 
well and average well productivity, as well as least-compact and most-compact estimates of the area affected by each well, in hectares per well, impact for wells is 
defined as both the well area and the surrounding habitat fragmented by wells, access roads, and oth« structures. See text for details on impact calculations of oil and 
gas pipelines. 

doi:10.1371/iournal.pQne.0006802.t003 
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technology, relative to a 2006 beeline, for three sectors of electricity 
generation (petroleum, natural gas, and coal). Because of the EIA 
assumptions about the cost-eflectivcncss of implementation of CCS 
and the incendve structures in S. 219! and S. 1766, power plants 
burning petroleum for electricity do not generally implement CCS, 
whereas power plants burning natural gas or coal do whenever there 
is a carbon cap in place (i.e., not the Reference scenario) and when 
the CCS technology is available (i.e., not the Few Options case). 

For new petroleum and natural gas production, we estimated the 
amount of new pipeline needed, based on current ratkB of 
kilometers of pipeline to wells, assuming that these ratios held 
constant into the future (0.9 km/well for oil production, 1.3 km/ 
well for gas producrion). For CCS, we also estimated the new 
pipelines needed to move CCS (0.5 km/well): the length of new 
pipeline per CCS injection site is likely to be more limited than in 
the petroleum or natural gas case because CO 2 has little economic 
value [32] . For all pipelines, we then estimated the area impacted on 
either side of the pipe (most-compact estimate 0.3 ha/km of pipe, 
least-compact estimate 1 .8 ha/km of pipe, based on common r^t 
of ways of pipelines). By estimating the area impacted by pipelines in 
this way, we are assuming that the process of pipeline construction 
removes most native biodiversity, and that any revegetation after 
pipeline construction will have minimal biodiversity value. 

A literature review revealed that many energy production 
techniques actually have multiple effects on biodiversiry, which 
operate at different spatial and temporal scales. A full discussion of 
the impacts on biodiversity of energy production is beyond the 
scope of this paper, but we recorded quantitative data on the 
proportion of our defined impact zone that was directly affected by 
land clearing, as opposed to more diffuse processes such as habitat 
fragmentation and organism avoidance behavior. Studies with 
useful quantitative or semi-quantitative data on this topic include; 
Coal [33], Nuclear [34-37], Solar [38,39], Hydroelectric [40,41], 
Biofuels [5,18,28-31,42], Geothermal [43], Natural Gas and 
Petroleum drilling [44,45], and Wind [22,46-51]. 

Where energy development occurs 

The goal of this phase of the analysis was to partition the total 
area of new energy development among geographic regions. Wc 
ignored energy production techniques that had no significant 
cumulative areal impact as calculated above (i.e., end-use power 
generation, energy efficiency gains). For our regionalization 
analysis, wc chose definitions of geographic regions that have 
maximal relevance to biodiversity yet are coarse-scaled enough to 
average over errors and uncertainty in more fine-scaled input data 
on energy resource availability and demand. For terrestrial 
impacts we used the 1 1 major habitat types of the United States, 
as defined by Nature Conservancy ecoregions [52-54]. For each 
major habitat type, we estimate the total area of new energy 
development, without attempting to specify where within each 
major habitat type development will take place. Within each major 
habitat type, there are a variety of land-uses, from relatively wild 
places to agricultural and urban systems. Thus specific siting 
decisions, while outside the scope of our analysis, will be important 
in determining actual biodiversity impact. 

Throughout our analysis, wc excluded certain areas as being 
protected or restricted from development, modeling our decision 
rules on those used in the Department of Energy’s report “20% 
Wind Energy by 2030 [47].” We excluded areas that wctc 
protected areas with a Gap Analysis Program code of 1 or 2 (i.c., 
permanent protection excluding development), based on the 
Protected Area Database of the United States, version 4[55]. 
Wc also excluded airports, urban areas, and wetlands/w^er 
bodies from development, based on vector layers included with 


Environmental System.s Research Institute’s (ESRI) ArcGIS 
package. Areas with an averse slope greater than 20% were also 
exdudcd, based on a surface analysis of the GTOPO global digital 
elevation model [56], Finally, for wind power we assumed that 
areas within 3 km of an airfield or urban area were not 
developable. 

For each energy production technique, we partitioned its land 
use among regions in one of two methods. For some energy 
production techniques, continuous (i.e., interval or ratio scale) 
estimates of the supply of that resource were available for different 
geogTJqihic regions (Table S3 and Supplementary Text SI). For 
example, the Department of Energy publishes a continuous 
estimate of the water power potential in MW of the different 
hydrologic regions of the United States [57], In these cases with 
continuous estimates of resource supply, we assumed that the area 
of energy development in each geographic region was propor- 
tional to the total supply in that region. For some resources, the 
geographic units in which data was available did not match those 
of our analysis units, and we used geographic information system 
(GIS) analyses to partition the resource among habitat types, 
making the simplifying assumption that the resource was evenly 
distributed within the original geographical units of the data. To 
give an example from one particularly dataset, potential biomass 
estimates were available from the National Renewable Energy 
Laboratories (NREL), summarized per county [58]. We calculated 
tonnes/km^ for each county, digitized the data to a 1 km raster 
resolution of the United States, and then used ESRI ArcGIS 
ZonalStatistics commands to sum up the total available biomass in 
each of our major habitat types. 

Other energy production technologies had data on the supply of 
the resource that were categorical (i.c., ordinal scale). For example, 
NREL wind power maps rank sites on a scale of 1 to 7, based on the 
quantity of wind available as well as its consistency. In these cases 
with categorical data, we reclassified the U.S. into Excellent, Good, 
and Poor regions for development of that energy resource. In some 
cases a continuous estimate of a proxy for a resource was available 
rather than a direct estimate of power availability, and in these cases 
wc classified the resource into categorical categories based on 
published opinion about what sites were developable. While our 
decision rules are admittedly arbitrary, they are derived from 
common GIS analysis for site selection in the energy industry, and 
wc believe any reasonable set of decision rules would provide 
qualitatively similar results. In general, wc looked at both the supply 
of a particular resource (c.g., how much sunlight is there?) and the 
demand (c.g., how far away is the nearest electric transmission line 
to carry the power to market?). The specific criteria we use are listed 
in Tabic S3. We then calculated how much of each geographic 
region was in the three categories (ExceUent, Good, and Poor) using 
ESRI ArcGIS ZonalStatistics commands. Next, we assumed that 
the area of energy development in each geographic region was 
proportional to the area classified as Excellent in that region. If aU 
areas categorized as Excellent were developed without meeting the 
total areal target, the remaining development was assumed to “spill- 
over” to the Good category, where it was similarly divided among 
geographic regions. 

Supporting Information 

Table SI Land-use intensity of production for new electricity 
generation capacity. 

Found at: doi:10.137I/joumal.pone.0006802.s001 (0.04 MB 
DOC) 

Table S2 Land-use intensity for new biofuel producrion. 
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Found at; doi:10.1371/journal.pone.0006802.s002 (0.04 MB 

DOC) 

Table S3 Decision criteria for classifying land. 

Found at: doi;10,1371/journal.pone.00b6802.s{)03 {0.05 MB 

DOC) 

Text SI Technical Citations for Tables S1-S3 

Found at: doi:10.1371/journal.ponc.0006802.s004 (0.03 MB 

DOC) 

Supplementary Data SI Detailed data on total U.S. area 
impacted (km^) by each energy sector 

Found at; doi:10.1371/journal.pone.0006802.s005 (0.02 MB 

XLS) 

Supplementary Data S2 Detailed data on the area (km^ of 
U.S, habitat types affected by each energy sector 
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1 

The Perils of "Energy Sprawl" 

Remarks by U.S. Senator Lamar Alexander 
Resources for the Future 
October 5, 2009 


First, I would like to thank Congressman Phil Sharp and Resources for the 
Future for organizing this forum and to salute your leadership, especially in 
coordinating the recent Outdoor Resources Review Group's report recommending 
permanent funding for the Land and Water Conservation Fund. 

Last week I spent several hours watching Ken Burns' film on our national 
parks and reading Douglas Brinkley's new book, The Wilderness Warrior: 

Theodore Roosevelt and the Crusade for America. Doing this reminded me that 
the men and women we honor today in the conservation movement and who 
founded most of the organizations you represent were not always so honored 
when they first spoke up. Many of those who spent the last century protecting 
our landscapes, air and water, and wildlife habitats were once regarded as trivial, 
eccentric, or went unnoticed. John Muir was an obscure hermit when he began 
to "preach nature like an apostle." To some, Roosevelt must have seemed a little 
daffy when he declared he would protect pelicans and warned a country 
enamored with Manifest Destiny that we should "keep nature unmarred." 

Lyndon Johnson made jokes about Lady Bird Johnson running around the White 
House, as he would say, "protecting flowers" with Laurance Rockefeller. But 
today we honor these and many others for having had the wisdom and the 
courage to recognize that preserving our natural heritage is essential to the 
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American Character. Italy may have its art, India its Taj Mahal, but we have the 
Great American Outdoors. 

I believe that a new Nature Conservancy scientific paper, titled, "Energy 
Sprawl or Energy Efficiency: Climate Policy Impacts on Natural Habitat for the 
United States of America," will one day occupy a place among the pioneering 
actions that we honor in the conservation movement. The paper warns that 
during the next 20 years new energy production, especially biofuels and wind 
power, will consume a land mass larger than the state of Nebraska. This "energy 
sprawl," as the authors termed it, will be the result of government cap and trade 
and renewable mandate proposals designed to deal with climate change. The 
paper should serve as a Paul Revere ride for the coming renewable energy sprawl. 
There are negative consequences, as well as positive effects, from producing 
energy from the sun, the wind and the earth. And, unless we are as wise in our 
response as the authors have been in their analysis, our nation runs the risk of 
damaging the environment in the name of saving the environment. 

The first insight in the Nature Conservancy paper is in describing the sheer 
size of the sprawl. The second insight is in carefully estimating the widely varying 
amounts of land consumed by different kinds of energy production. Finally, the 
paper suggests four ways to reduce carbon emissions while minimizing the side 
effects of energy sprawl on the landscape and wildlife habitat. The first 
recommendation is energy conservation. Second is generating electricity on 
already developed sites, as when solar panels are put on rooftops or when a 
chemical company uses byproducts from its production processes to make heat 
and power. The third recommendation is to make carbon regulation flexible 
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enough to allow for coal plants that recapture carbon or nuclear power plants 
that produce no carbon or for international offsets. Fourth, the paper suggests 
careful site selection. 

This makes me think of my own experience as Governor 25 years ago when 
Tennessee banned new billboards and junkyards on a highway over which 2 
million visitors travel each year to the Great Smoky Mountains National Park. 
Then, that decision attracted little attention. Today, it helps to preserve one of 
the most attractive gateways to any national park. But, as all of us know, if the 
billboards had gone up then, it would be almost impossible today to take them 
down today. The same will be true with wind turbines, solar thermal plants, and 
other new forms of energy production. 

My purpose here today is to challenge you and the organizations who have 
traditionally protected our landscape, air and water and wildlife habitat to do the 
same with the threat of energy sprawl. To ask you, first, to suggest to 
governments and policy makers and landowners before it is too late the best 
choices and the most appropriate sites for low-carbon or carbon-free energy 
production. And, second, I want to ask you to do something that gives many 
conservationists a stomach ache whenever it is mentioned— and that is to rethink 
nuclear power, because as the Nature Conservancy's paper details, nuclear power 
in several ways produces the largest amounts of carbon-free electricity with the 
least impact. 

I learned a long time ago that it helps an audience to know where a speaker 
is coming from. Well, I grew up hiking and camping in the Great Smoky 



934 


4 

Mountains where I still live two miles from the park. As a Senator I have fought 
for strict emission standards for sulfur, nitrogen, and mercury because many of us 
still breathe air that is too polluted. I have introduced legislation to cap carbon 
from coal plants because I believe that human production of carbon contributes 
to global warming. I have helped to create 10,000 acres of conservation 
easements adjacent to the Smokies because it preserves views of the mountains 
and wildlife needs the space. I drive one of the first plug-in electric hybrid cars 
because I believe electrifying half our cars and trucks is the quickest way to clean 
the air, keep fuel prices down, reduce foreign oil use and help deal with climate 
change. And I object to 50-story wind turbines along the Appalachian Trail for the 
same reason I am co-sponsor of legislation to end the coal mining practice called 
mountaintop removal— not because I am opposed to coal plants or wind power in 
appropriate places, but because I want to save our mountaintops. 

* * + 


Let me offer a few examples to paint a clearer picture of what this energy 
sprawl might look like in 20 years. 

As the Nature Conservancy paper notes, most new renewable electricity 
production will come from wind power which today provides about 1.5 percent of 
our country's electricity. Hydroelectric dams produce about 7 percent of our 
electricity and some of them are being dismantled. Solar and all other forms of 
renewable electricity produce less than 1 percent today. President Bush first 
suggested that wind power could grow from 1.5 percent to 20 percent by 2030 
and President Obama has set out enthusiastically to get this done. In fact, the 
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combination of presidential rhetoric, taxpayer subsidies and mandates have very 
nearly turned our national electricity policy into a national windmill policy. 

To produce 20 percent of America's electricity from wind turbines would 
require erecting 186,000 1.5-megawatt wind turbines covering an area the size of 
West Virginia. According to the American Wind Energy Association, one 
megawatt of wind requires about 60 acres of land, or in other words, that's one 
1.5 megawatt wind turbine every 90 acres. These are not your grandmother's 
windmills. They are 50 stories high. Or, if you are a sports fan, they are three 
times as tall as the skyboxes at the University of Tennessee football stadium. The 
turbines themselves are the length of a football field, they are noisy and their 
flashing lights can be seen for up to twenty miles. In the eastern U.S., where the 
wind blows less, turbines would work best along scenic ridge tops and coastlines. 
National Academy of Sciences says up to 19,000 miles of new high voltage 
transmission lines that would be needed to carry electricity from 186,000 wind 
turbines in remote areas to and through population centers. 

So many wind turbines can create real threats to wildlife. The Governor of 
Wyoming has expressed concern about protecting the Sage Grouse's diminishing 
population in his state as a result of possible habitat destruction from wind farms. 
The American Bird Conservancy estimates that each wind turbine in this country 
kills as many as seven or eight birds each year. Multiply that by 186,000 wind 
turbines and you could predict the annual death of close to 1.4 million birds per 
year. Then there are the solar thermal plants, which use big mirrors to heat a 
fluid and which can spread over many square miles. Secretary of Interior Ken 
Salazar recently announced plans to cover 1,000 square miles of federally owned 
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land in Nevada, Arizona, California, Colorado and New Mexico and Utah with such 
solar collectors to generate electricity. Senator Dianne Feinstein of California, 
who has spent most of her career trying to make the Mojave desert a national 
monument, strongly objected to a solar thermal plant in the desert on federal 
land Just outside the Mojave National Preserve that would have covered an area 3 
miles by 3 miles. Plans for the plant were recently canceled. 

The only wind farm in the southeastern United States is on the 3,300 foot 
tall Buffalo Mountain in Tennessee. The wind there blows less than 20 percent of 
the time making the project a commercial failure. Because of the unavailability of 
wind power, renewable energy advocates suggest that we southeasterners use 
biomass, a sort of controlled bonfire that burns wood products to make 
electricity. Biomass has promise, to a point. Paper mills can burn wood 
byproducts to make energy. And clearing forests of dead wood and then burning 
it not only produces energy but can help to avoid forest fires. According to the 
Conservancy's paper, biofuels and biomass burning of energy crops for electricity 
take the most space per unit of energy produced. For example, the Southern 
Company Is building a new 100 megawatt biomass plant in Georgia. Southern 
estimates it will keep 180 trucks a day busy hauling a million tons of wood a year 
to the plant. One hundred megawatts is less than one-tenth the production of a 
nuclear plant which will fit on one square mile. To produce the same amount of 
energy as one nuclear plant would require continuously foresting an area one- 
third larger than the 550,000 acre Great Smoky Mountain National Park. You can 
make your own estimate of the number of trucks it would take to haul that much 
wood. 
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That is the second important insight of the Nature Conservancy report: a 
careful estimate of the widely different amounts of land each energy-producing 
technique requires. The gold standard for land usage is nuclear power. You can 
get a million megawatt hours of electricity a year— that’s the standard unit the 
authors chose— per square mile, using nuclear power. The second most compact 
form of energy is geothermal energy. To generate the same amount of power, 
coal requires four square miles, taking into account all the land required for 
mining and extraction. Solar thermal takes six square miles. Natural gas takes 
seven square miles and petroleum seventeen. Photovoltaic cells that turn 
sunlight directly into electricity require 14 square miles and wind is even more 
dilute, taking 28 square miles to produce the same unit of electricity. 

These differences in land use are pronounced even though the paper's 
analysis is conservative. The authors include upstream inputs and waste disposal 
as part of their estimate of an energy producer's footprint. They add uranium 
mining and Yucca Mountain's 220 square miles to the area our 104 nuclear 
reactors actually occupy. If one were to consider only each energy plant's 
footprint, to produce 20 percent of U.S. electricity would take 100 nuclear 
reactors on 100 square miles or 186,000 wind turbines on 25,000 square miles. 
Visualize the difference this way. Thru hikers regularly travel the 2,178 miles of 
the Appalachian Trail from Springer Mountain in Georgia to Mount Katahdin in 
Maine. A row of fifty story wind turbines along that entire 2,178-mile trail would 
generate the same amount of electricity produced by 4 nuclear reactors on four 
square miles. 
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So, because of these wide differences, policy makers have the opportunity 
to choose carefully among the various forms of producing carbon-free electricity 
as well as to think about where such energy production should or should not go. 

These are the four ways that the Nature Conservancy suggests we approach 
those decisions; 

First, focus on energy conservation. This is the paper's preferred 
alternative to energy sprawl - and it is hard to see how anyone could disagree. To 
cite just one example, my home state of Tennessee leads the nation in residential 
per capita electricity use. if Tennesseans simply used electricity at the national 
average, the amount of electricity we would save each year would equal that 
amount produced by two nuclear power plants. Oak Ridge National Laboratory 
scientists have said that fuel efficiency standards are the single most important 
step our country can take to reduce carbon emissions. 

The second recommendation for dealing with energy sprawl is end-use 
generation of electricity which usually occurs on already developed sites. One 
example of this is the co-generation that occurs at a paper factory that uses waste 
product to produce electricity and heat to run its facility. The most promising 
example is likely to be solar power on rooftops. In other words, since rooftops 
already exist, covering them with hundreds of square miles of solar panels would 
create no additional sprawl. There still are obstacles to the widespread use of 
solar power. In the southeast, solar still costs 4-5 times what TVA pays on the 
average for other electricity. There is the obstacle of aesthetics. But companies 
are now producing solar film embedded within attractive roofing materials— 
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although this costs more. And there still is the problem that solar power is only 
available when the sun shines and, like wind, it can't be stored in large quantities. 
But unlike wind, which often blows at night when there is plenty of unused 
electricity, the sun shines when most people are at their peak power use. As 
former Energy Secretary James Schlesinger wrote in the Washington Post, 
because of their intermittency, wind and solar systems have to be backed up by 
other forms of electricity generation - which adds to cost and land usage. 

The third recommendation is to make carbon regulation flexible, allowing 
for carbon recapture at coal plants, for nuclear power and for international 
offsets. So far the sponsors of climate and energy bills in the Congress haven't 
heeded this advice. In fact, both the Waxman Markey bill in the House and the 
Bingaman energy bill in the Senate contain very narrowly defined "renewable 
electricity" mandates. Instead of allowing states to choose their methods of 
producing the required amount of carbon-free electricity, the legislation heavily 
tilts toward requiring wind power. For example, the legislation allows existing 
and new wind turbines, but only new hydroelectric. It does not count nuclear 
power, municipal solid waste, or landfill gas as "renewable." In the same way, 75 
percent of the so-called "renewable electricity" subsidies enacted since 1978 have 
gone to wind developers. A study by the Energy Information Administration 
shows that wind gets a subsidy 31 times that of all other renewables combined. 
These policies have created a heavy bias toward the form of renewable 
electricity— wind power— that could consume our treasured mountaintops and 
can be very destructive to wildlife. And a national policy that also encourages 
wind power in the southeast where the wind barely blows makes as much sense 
as mandating new hydroelectric dams in the western desert where there is no 
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water. It is my opinion that if we are truly seeking to reduce our carbon output, 
the policy that would create the least energy sprawl would would be a "carbon- 
free electricity standard," allowing for the maximum flexibility for those 
renewable electricity techniques that consume less land and require fewer new 
transmission lines. 

Finally, the Nature Conservancy suggests paying attention to site selection 
for new energy projects. This is where those of you who represent organizations 
who have spent a century protecting wildlife and treasured landscapes could be 
of the greatest help in asking the right questions and providing wise answers. For 
example, should energy projects be placed in National Parks? In National 
Forests? If so, which forests and which energy projects? Should there be 
generous taxpayer subsidies for renewable energy projects within 20 miles of the 
Grand Tetons or along the Appalachian Trail? What about the large amounts of 
water needed for solar thermal plants or nuclear plants? Should turbines be 
concentrated in shallow waters 20 miles or more offshore where they can't be 
seen from the coast and transmission lines run underwater? Couldn't turbines be 
located in the center of Lake Michigan instead of along its shoreline? Should 
there be renewable energy zones, such as the solar zones Secretary Salazar is 
planning, where most new projects are placed— and where are the most 
appropriate locations for those zones and their transmission lines? In a recent op 
ed in the New York Times, the Massachusetts Secretary of Energy and 
Environmental Affairs asked, wouldn't it make more sense to place wind turbines 
offshore in the Atlantic and run transmission lines underwater than to build new 
transmission lines to carry wind power from the Great plains to Boston? Should 
the subsidies for cellulosic ethanol be larger than those for corn ethanol, or 
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should there be no subsidies at all? Should there be a special effort to encourage 
conservation easements on private lands that protect treasured viewscapes and 
habitats? 

According to the Wall Street Journal, on August 13 Exxon Mobil pleaded 
guilty in federal court to killing 85 birds that had come into contact with crude oil 
or other pollutants in uncovered tanks of waste-water facilities on its properties. 
The birds were protected by the Migratory Bird Treaty Act, which dates back to 
1918. The company paid $600,000 in fines and fees. 

Should the Migratory Bird law be enforced against developers of other 
energy projects - for example, renewable electricity and transmission lines? One 
wind farm near Oakland California estimates that its turbines kill 80 golden eagles 
a year. The American Bird Conservancy estimates that the 25,000 wind turbines 
in the United States kill between 75,000 and 275,000 birds per year. "Somebody 
is getting a get out of jail card free," Michael Fry of the Bird Conservancy told the 
Journal. And what would be the fine for the almost 1.4 million birds that 186,000 
turbines might kill? 

This raises the question of whether there should be some parity among all 
energy companies in the application of laws and policies. For example, oil and gas 
companies receive taxpayer subsidies but they bid to lease and drill on federal 
land or waters and then pay a royalty for the privilege. Should taxpayer 
subsidized renewable energy companies also be required to pay a royalty for the 
privilege of producing electricity on federal lands or waters? And, if so, could this 
be a source of permanent funding for the Land and Water Conservation fund or 
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other conservation projects on the theory that if the law allows an environmental 
burden it ought to require an environmental benefit? Based on estimates from 
the Joint Committee on Taxation and the Congressional Budget Office, taxpayers 
will pay wind developers a total of $29 billion in federal subsidies over the next 10 
years to increase windpower production from 1.5 to 4 percent of our total 
electricity. 

There are an estimated 500,000 abandoned mines in our nation, 47,000 in 
California alone. To date. Congress has allocated a total of about $4 billion for 
their cleanup and the end of the cleanup is nowhere in sight. Would it not be 
wise before the energy sprawl occurs to require bonds on federal lands for the 
removal of energy equipment that is not used anymore? Wind turbines wear out 
in 20-25 years. Solar thermal farms can cover hundreds of acres. Policies, 
subsidies and prices can change. In Germany, for example, a prominent maker of 
solar equipment recently suggested cutting the government subsidy for solar 
equipment because it is permanently raising prices of German-made products and 
Germans are buying cheaper panels made in China. In other words, the Germans 
are subsidizing Chinese manufacturing. If the large U.S. subsidies for wind power 
were to disappear— as was promised when they were created— it might be a 
good idea if someone were required to take away any abandoned equipment. 

* * * 

This brings me to my last point, which is to ask you to rethink nuclear 


power. 
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In our country, fears about safety, proliferation, and waste disposal have 
stymied the "atoms for peace" dream of large amounts of low-cost clean reliable 
energy from nuclear power. Twelve states even have moratoria against building 
new nuclear plants. Still, the 104 U.S. reactors built between 1970 and 1990 
produce 19 percent of America's electricity and, as I have said, 70 percent of our 
carbon-free electricity. I believe that what Americans should most fear about 
nuclear power is this: the rest of the world will use it to create low-cost, carbon- 
free electricity while we— who invented the technology — will not. That would 
send our jobs overseas looking for their cheap energy. And it would deprive us of 
the technology most likely to produce large amounts of carbon free electricity to 
help deal with climate change— and to do it in the way least likely to harm the 
landscape and wildlife habitat. 


Look at what the rest of the world is doing. Of the top five greenhouse gas 
emitters, who together produce 55 percent of the carbon in the world, only the 
U.S. has no new nuclear plants under construction. China, the world's largest 
carbon emitter, recently upped its goal for nuclear reactors to 132. Russia, the 
number three emitter, plans two new reactors every year until 2030. Of the next 
two emitters, India has six reactors under construction and ten more planned. 
Japan already has 55 reactors, gets 35 percent of its electricity from nuclear, has 
two under construction and plans for ten more by 2018. 

According to tbe International Atomic Energy Agency (IAEA), worldwide 
there are 53 reactors under construction in 11 countries, mostly in Asia. South 
Korea gets nearly 40 percent of its electricity from nuclear and plans another 
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eight reactors by 2015. Taiwan gets 18 percent of its power from nuclear and is 
building two new reactors. 

In the West, France gets 80 percent of its electricity from nuclear and has 
among the lowest electricity rates and carbon emissions in Western Europe 
(behind Sweden and Switzerland which are both half nuclear.) Great Britain has 
hired the French electric company EOF to help build reactors. Italy has 
announced it will go back to nuclear. 

So where does this leave the United States? Well, we still know how to run 
reactors better than anyone else; we just don’t build them anymore. Our fleet of 
104 plants is up and running 90 percent of the time. We have 17 applications for 
new reactors pending before the Nuclear Regulatory Commission but haven't 
started construction on any new ones - and the 104 we currently have in 
operation will begin to grow too old to operate in twenty years. 

That is why I believe the U.S. should build 100 new nuclear plants in 20 
years. This would bring our nuclear-produced electricity to more than 40 percent 
of our total generation. Add 10 percent for hydroelectric dams, 7-8 percent for 
wind and solar (now less than 2.5 percent together), 25 percent for natural gas 
(which is low-carbon) and you begin to get a real clean— and low-cost- electricity 
policy. 


According to the National Academy of Sciences, construction costs for 100 
nuclear plants are about the same as for 186,000 wind turbines. New reactors 
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could be located mostly on sites with existing reactors. There would be little need 
for new transmission lines. Taxpayer subsidies for nuclear would be one-tenth 
what taxpayers would pay wind developers over 10 years. As for so called "green 
jobs", building 100 nuclear plants would provide four times as many construction 
jobs as building 186,000 turbines. And, of course, nuclear is a base load source of 
power operating 90 percent of the time, the kind of reliable power that a country 
that uses 25 percent of the energy in the world must have. Wind and solar are 
useful supplements but they are only available, on average, about one-third of 
the time and can't be stored in large amounts. 

And what about the lingering fears of nuclear? Obama Administration 
Energy Secretary Dr. Steven Chu, the Nobel Prize winning physicist, says nuclear 
plants are safe and he wouldn't mind living near one. That view is echoed by the 
thousands of U.S. Navy personnel who have lived literally on top of nuclear 
reactors in submarines and Navy ships for 50 years without incident. The Nuclear 
Regulatory Commission agrees and its painstaking supervision and application 
process is intended to do everything humanly possible to keep our commercial 
fleet of reactors safe. 

On the issue of waste. Dr. Chu says there is a two step solution. Step one is 
store the waste on site for 40 to 60 years. The Nuclear Regulatory Commission 
agrees this can be done safely, perhaps even for 100 years. Step two is research 
and development to find the best way to recycle fuel so that its mass is reduced 
by 97 percent, pure plutonium is never created, and the waste is only radioactive 
for 300 years instead of 1 million years. 
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That kind of recycling would take care of both the waste and the third fear 
of nuclear power, the threat that other countries might somehow use plutonium 
to build a bomb. One could argue that because the U.S. failed to lead in 
developing the safe use of nuclear technology for the last 30 years, we may have 
made it easier for North Korea and Pakistan to steal or buy nuclear secrets from 
rogue countries. 


* ♦ * 

Now, let me conclude with this prediction; taking into account these energy 
sprawl concerns, I believe the best way to reach the necessary carbon goals for 
climate change with the least damage to our environment and to our economy 
will prove to be (1) building 100 new nuclear plants in 20 years, (2) electrifying 
half the cars and trucks in 20 years; we probably have enough unused electricity 
to plug these vehicles in at night without building one new power plant; (3) 
putting solar panels on our rooftops. To make this happen, the government 
should launch mini-Manhattan projects like the one we had in World War II: for 
recycling used nuclear fuel, for better batteries for electric vehicles, to make solar 
panels cost competitive, and in addition, to recapture carbon from coal plants. 
This plan should produce the largest amount of electricity with the smallest 
amount of carbon at the lowest possible cost thereby avoiding the pain and 
suffering that comes when high-cost energy pushes jobs overseas and makes it 
hard for low-income Americans to afford their heating and cooling bills. 

My fellow Tennessean Al Gore won a Nobel Prize for arguing that global 
warming is the inconvenient problem. If you believe he is right, and if you are 
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also concerned about energy sprawl, then 1 would suggest that nuclear power is 
the inconvenient solution. 


* + ♦ 

Lamar Alexander is Tennessee's senior republican Senator. He is chairman of the 
Conference of Republican U.S. Senators and a member of the Environment and 
Public Works Committee. 
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Senator Whitehouse. Thank you, Madam Chair. I was im- 
pressed by the examples of the effects that Dr. Frumhoff gave us 
of, essentially the effects that already underway, as a result of 
what we have already released. 

And by your testimony, Mr. Schweiger. Your testimony was 
backed by a considerable number of hunters and fishermen. And I 
was wondering if you had any specifications at this point of which 
games species, or which game species habitats, would be most im- 
mediately affected, and what sort of hunters or fishermen are at 
greatest risk of having their, you know, the habitats that they go 
out and hunt and fish in, compromised in some way, and how soon 
all of that is going to happen? When will we see the leading edge 
of that and where? 

Mr. Schweiger. Well, that is a great question. I think we are al- 
ready seeing the leading edge of it. For example, if you look at the 
natural range of brook trout in the Appalachians, you will see that 
the southern half of the Appalachians have lost a lot of their origi- 
nal brook trout habitat and that habitat that remains is not in 
good shape. It is rated moderate to poor where at one time it was 
actually good habitat, and it had vibrant brook trout. 

So, when you look at the brook trout range, it goes into Pennsyl- 
vania and New York. Most of that south of Pennsylvania and New 
York is in bad shape. North of mid-State New York it is in better 
shape. So, you see it. It is compounding from the southern Apps 
going north. 

The other example I use in my book is the pronghorn antelope. 
You know, there is a study now from the University of Oregon that 
suggests that if we continue doing what we are doing now, we will 
see the sage brush step habitats contracted to a few counties in 
Wyoming over the next several decades. And if that happens, 
pronghorn antelope becomes a remnant population in a very small 
place. 

Senator Whitehouse. Thank you. 

Mr. Young, your testimony is particularly important to somebody 
like me from a coastal State. As you have suggested, many of water 
and wastewater treatment facilities are at the coastline and at 
risk. 

We have seen estimates from the Environmental Protection 
Agency that the current deficit of water and wastewater infrastruc- 
ture in this country is $662 billion, I think between now and 2019, 
if I remember the year correctly. I assume that, at least to your 
knowledge, these additional liabilities of plants at risk either from 
storm surge or sea level rise would be in addition to that built-in 
cost. Do you know that? 

Mr. Young. Yes. That is absolutely correct. And the only range 
of numbers is given as an opportunity, and it is further described 
in details by regions of the United States in the report. But de- 
pending on the timeframe in which you actually do address the 
problems, whether you wait until it is longer into the impacts of 
the climate change or whether you begin a proactive program to 
start earlier. 

Senator Whitehouse. One of the reasons I mention that, just pe- 
ripherally, is that we have a very severe unemployment problem 
and at the same time a water and wastewater deficit, and one 
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would think we could bring those two together and start building 
out our water and wastewater infrastructure now while we need 
the jobs. But I do not necessarily think that is for this committee 
and this hearing right now. 

My last question will be to Dr. Frumhoff from the Union of Con- 
cerned Scientists. This will be a question about the science of cli- 
mate change. 

We are still here in the Senate in an environment in which we 
are still frequently told that there are scientists that disagree with 
the fundamental premise of climate change, that manmade carbon 
emissions are affecting our climate in ways that are adverse for our 
interests. 

How would you characterize the nature of the debate? I am a 
lawyer, and I could find lawyers who will say that the income tax 
is unconstitutional. I can find people who will say that they have 
been taken up in alien spaceships, and they now wear tinfoil over 
their heads. 

In the scientific community, is it just a fringe that is disbelieving 
this? Or is it a real, live actual scientific debate right down the 
middle, evenly balanced on both side, or somewhere in between? 
How would you describe the nature of the debate in the overall sci- 
entific community? 

Mr. Frumhoff. Thank you. Senator. Well, you can certainly find 
individuals with Ph.Ds. in science who would characterize the 
science of climate change as highly uncertain. But the broadly cast 
consensus in the scientific community is otherwise. 

Probably the best way to represent that for you. Senator, is by 
quoting from a letter that was sent to the Senate from 18 scientific 
societies with relevant expertise in the United States, including the 
American Geophysical Union, the American Meteorological Society, 
the American Association for the Advancement of Science and 15 
other scientific societies. 

“As you consider climate change legislation, we, as leaders of sci- 
entific organizations, write to state the consensus scientific view. 
Observations throughout the world make it clear that climate 
change is occurring and that rigorous scientific research dem- 
onstrates the greenhouse gases emitted by human activities are the 
primary drivers. These conclusions are based on multiple lines, 
independent lines of evidence, and contrary assertions are incon- 
sistent with an objective assessment of the vast body of peer-re- 
viewed science.” 

I could not agree with that statement more. 

Senator Whitehouse. OK. Inconsistent with the 

Mr. Frumhoef. It was an objective assessment of the vast body 
of peer-reviewed science. 

Senator Whitehouse. Thank you. 

Senator Boxer. Thank you. I think that is important. Can we get 
that letter to put in the record, sir? 

Mr. Frumhoef. Absolutely. 

Senator Boxer. Thank you very much. 

[The referenced letter follows:] 
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October 21. 2009 


Dear Senator: 

As you consider climate change legislation, we, as leaders of scientific 
organizations, write to stale the consensus scientific view. 

Observations throughout the world make it clear that climate change is 
occurring, and rigorous scientific research demonstrates that the 
greenhouse gases emined by human activities are the primary driver. 
These conclusions are based on multiple independent lines of evidence, 
and contrary assertions are inconsistent with an objective assessment of 
the vast body of peer-reviewed science. Moreover, there is strong 
evidence that ongoing climate change will have broad impacts on 
society, including the global economy and on the environment. For the 
United Stales, climate change impacts include sea level rise for coastal 
states, greater threats of extreme weather events, and increased risk of 
regional water scarcity, urban heat waves, western wildfires, and the 
disturbance of biological systems throughout the country. The severity 
of climate change impacts is expected to increase substantially in the 
coming decades.' 

If we are to avoid the most severe impacts of climate change, emissions 
of greenhouse gases must be dramatically reduced. In addition, 
adaptation will be necessaiy to address those impacts that are already 
unavoidable. Adaptation elTons include improved infrastructure design, 
more sustainabie management of water and other natural resources, 
modified agricultural practices, and improved emergency responses to 
storms, floods, fires and heal waves. 

We in the scientific community offer our assistance to inform your 
deliberations as you seek to address the impacts of climate change. 


1 he conclusions in this paragraph reflect the scicnlific consensus represented by, for 
example, the Inlergovcmmcnlal Panel on Climate Change and U.S. Olobal Change Research 
Program, Many scientific societies have endorsed these findings in their own statements, 
including the Anieric,an A s.siicialiori liirthe Adeanceiiient nl Si-i..ii.v . .■\niericaii Chemical 
American (ieonlivsieal I ntim . Anrerie,iil Meleoru lnelL al Soeiels . and American 
Srairslieai Assueiafion , 


American Association for the Adv.inccmenl of Science 
I’DSI New 'loth Avenue, .\AV, IVashniglon, DC 2IN«lv LSA 
lei. 202 32h hhlX) l'*rx; 2t)2 2tW ao.vo iv\v\v,,i,r,i\.i,rg 
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Senator Whitehouse. Madam Chair, could I ask unanimous con- 
sent to put an additional letter in the record? This one is from the 
Reinsurance Association of America regarding the way in which 
they have had to adapt to the effects of climate change in the in- 
surance industry. 

Senator Boxer. Without objection. 

[The referenced letter follows:] 
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REINSURANCE ASSOCIATION OF AMERICA 

1301 Pennsylvania Avenue. N.W. 

Washington, D.C. 20004 


Telephone: (202)638-3690 
Facsimile: (202)638-0936 
hUD://ww\v.reinsurance,ore 


October 1 , 2009 

Senator Barbara Boxer 

Chairman, Environment and Public Works Committee 
410 Dirksen Senate Office Building 
Washington, D.C. 20510-6175 

Senator John Kerry 

Chairman, Foreign Relations Committee 
446 Dirksen Senate Office Building 
Washington, D.C, 20510-6225 

Dear Senators Boxer and Kerry: 

As leaders in the property insurance and reinsurance industries, we applaud your efforts to win 
bipartisan approval of the Clean Energy Jobs and American Power Act that will combat the 
adverse impacts of climate change. The success of our companies depends upon the accurate 
assessment and management of risks to human life, property and the environment. Thus, it is 
important that Congress properly address the many risks that are attributable to climate change. 

Although our companies are not engaged in the policy debate over the best ways to reduce 
greenhouse gas emissions, we have been actively engaged in the debate over how to assess and 
reduce the risks of storms, floods and wildfires, all of which are now being exacerbated by 
climate change. We have reviewed the domestic and natural resources adaptation provisions in 
your legislation and we believe that they would create a powerful and essential framework for 
identifying and reducing the risk of climate change for affected communities as well as natural 
resources. 


The bill’s provisions, which call for projects, programs and measures to build resilience to 
predicted impacts of climate change which are essentia! for the protection of life and property. 
Provisions that will assure for the protection and restoration of coastal wetlands, floodplains, 
ocean, and other natural resources will not only provide important benefits for our environment, 
but by protecting these areas, natural “buffer zones” can be created which will reduce climate- 
related risk to people and property. Additionally, we support a robust level of funding for the 
adaptation provisions, as well as provisions assuring that federal and state adaptation plans are 
consistent with conservation, and environmental laws. 


We appreciate your important achievement in advancing climate change legislation and, as the 
Clean Energy Jobs and American Power Act moves through the legislative process, we look 
forward to working with you on the bill’s domestic and natural resources provisions 


Sincerely, 
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Page 2 

Franklin W, Nutter 
President 
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Senator Boxer. So, our last questioner is Senator Cardin. 

The floor is yours. 

Senator Cardin. Well, thank you. Chairman Boxer. I think I 
started off the first round of questioning this morning 

Senator Boxer. You did. 

Senator Cardin. I think it was this morning. 

Senator Boxer. It feels like it has been 

Senator Cardin. It has been a long day with a lot of witnesses 
and a lot of good information to help us in our work, and I just 
think the last exchange between Dr. Frumhoff and Senator 
Whitehouse was particularly important. We want our actions based 
on good science, which is likely to happen. 

I just think of Maryland, my own State, and in my lifetime, I 
have seen the impact of sea level rising in Maryland. In my life- 
time. And if Secretary Wilson is correct, and we do not take action, 
and we see a 2 . 5 - to 3.5-foot increase in sea level in the Chesa- 
peake Bay, it is going to have a devastating impact. You do not 
need a Ph.D. degree to understand what is going to happen. We 
have already seen significant flooding at the U.S. Naval Academy. 

Yes, I understand which is the Ocean State here. Senator 
Whitehouse. We have this friendly debate 

Senator Boxer. We have an ocean on our side. 

[Laugher.] 

Senator Cardin. Right. And you do. It is a beautiful ocean. But 
you do not have as much coastline as we do. We have 3,000 miles 
of coastline in Maryland alone. 

Senator Boxer. OK, let us just say we have plenty. 

[Laughter.] 

Senator Cardin. Right. You have plenty. And you are impacted 
like we are all impacted on the sea level increase. 

Senator Boxer. I just have to remind you of the West Coast 
every once in a while. 

Senator Cardin. Right. We come out there every once in a while. 
And we do appreciate. Chairman Boxer, you recognition of the ad- 
aptation problems of the coastal areas and the allocations that you 
have made. 

I guess my point is that I have been to the developed areas along 
our coast, and I know the vulnerability. I have been to the re- 
serves, Blackwater Reserve, and look at the acreage that we have 
lost because of sea level and erosion. And know that if we do not 
take action, and we lose these assets, it is going to cause irrevers- 
ible damage to my State of Maryland, to the Chesapeake Bay and 
to your country. 

So, we have got to be judged by good science. But we do know 
the impact of what is happening here, and we have got to take ac- 
tion, and the good part about this bill is that this bill takes action 
to deal with the underlying problem of global climate change by 
setting targets for us to meet. 

But then you also deal with the damage that has been caused as 
a result of global climate change, right here in America and along 
or coastal ways. We thank you for that. 

Secretary Wilson, I want to get you engaged a little bit in some 
of the green infrastructure that we are doing in Maryland, how im- 
portant that is, some of our programs and dealing with the way 
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that we deal with runoff, and how important is green infrastruc- 
ture in trying to develop the right strategy to counter the damages 
that are being done as a result of global climate change. 

Ms. Wilson. The green infrastructure is, it ranks right up there 
at the top of adaptation strategies that a State, a coastal State, can 
take to deal with the effects of sea level rise. 

By way of example, with the State of Maryland’s Climate Action 
Plan and the adaptation strategy, we have got some strategy imple- 
mentation underway already, and one of those strategies is to en- 
sure that we put in place living shorelines instead of hard bulk- 
heads wherever possible. They are better able to absorb sea level 
rise, and they also greatly improve habitat. 

So, for example, with the green infrastructure funded through 
the ARA funding process, we have jump started our living shore- 
lines projects along the shoreline of the Chesapeake Bay. It is a 
critical part of how we can adapt. 

And I think that is the point of the testimony here today is that 
there are things we need to be doing right now to get adaptation 
underway. The 2 to 3.4 feet of sea level rise you mentioned, that 
is in a lowered emissions reduction scenario. So, we know we have 
got these impacts coming, and this act puts in place a procedure 
and a process and a way for the country to get adaptation on the 
ground now, including the green infrastructure projects. 

Senator Cardin. I think that is a very valuable point. The point 
is that, if we are successful in dealing with global climate change, 
if not only the United States acts but we act at Copenhagen, and 
there is an international commitment, and we in fact meet our 
international standards and reduce our warming, we still have to 
deal with the consequences of global climate change. And this legis- 
lation provides the wherewithal by investing in green infrastruc- 
ture, by dealing with remedial programs, engaging the States. It is 
not all the Federal Government. We need the help our States. We 
need the work in the private sector. It is a team effort. 

I just thank you all for starting. The States, many States, not 
just Maryland, many States, Madam Chairman have really moved 
forward aggressively on this issue in so many different ways, giv- 
ing us, I think, the blueprint for a national program where America 
can truly be an international leader on preserving our environment 
for future generations. 

And thank you all very much. 

Senator Boxer. So, Senator Cardin, I checked it. California has 
1,340 miles of coastline. 

Senator Cardin. Well, I think the Chesapeake Bay, somebody 
can correct me, I think the Chesapeake Bay has 3,000 miles. 

Ms. Wilson. Over 3,000. 

Senator Boxer. OK, well that is because you go this way, and 
this way 

Senator Cardin. Right. We have a flow a lot. Look, I really think 
you do deserve one-third the money that we 

Senator Boxer. Whoa. OK. You mean, never mind the 40 million 
people. OK, I got it. 

[Laughter.] 

Senator Boxer. Let me say how much I appreciate this panel. 
Terrific, all of you, just terrific. You are going to get some questions 
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from colleagues, and we are asking that you really turn them 
around in 24 hours. I know that is difficult. 

Mr. Sims, I had a question, and I did not even want to bother 
you with it. I tried to look it up. Who are the members of the West- 
ern Business Roundtable? They are not in, can I just look them up 
in the 

Mr. Sims. I will send them to you. 

Senator Boxer. OK, because they are not in the Web site. 

Mr. Sims. They are not on the Web site. 

Senator Boxer. So we will officially ask you for that. 

Mr. Sims. We will send you our membership list. 

Senator Boxer. I appreciate that very much. 

Mr. Sims. Can I ask just one favor in return? 

Senator Boxer. Yes. 

Mr. Sims. I did not get a chance to talk about this, but I want 
to enter this in the record if that is OK? 

Senator Boxer. Yes. 

Mr. Sims. Madam Chairman, you have a reading list that is 
lengthier than any of us, so I hesitate to ask you to really take a 
look at something. But I think you should look at this. It is very 
short. It is an analysis done by one of my members who is an engi- 
neer and a very smart one. And what he does is, he simply goes 
through and he does cast some very serious doubt, which I think 
you should pay attention to, the contention that some of these bills, 
it was not specific to this one, would create all of these millions of 
green jobs. I would recommend that you take a look at it. 

Senator Boxer. I will. And I will also put in the record, at the 
same time, the recent studies that have just come out by U.C. 
Berkeley and University of Illinois, and also the Pew Charitable 
Trust that shows, and the Center for American Progress, there are 
just many of them. But we will put them all in together, and of 
course, we are happy to look at you. Who is this person? What is 
his name? 

Mr. Sims. Kimball Rasmussen, who is the CEO of Deseret Power. 

[The referenced information follows:] 
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June 2009 ” 

Dear Reader; 

Public- and private-sector leaders are working hard to create a brighter economic I'uture for our 
countr)% one in which new industries create well-paying, enduring jobs for Americans and spark 
growth from coast to coast. 

The clean energy economy, still in its infancy, is emerging as a vital component of America’s new 
economic landscape. That’s the finding of The Cican Energy Economy; Repoweringjobs, Businesses and 
Investments Across America, a groundbreaking analysis by The Pew Charitable Trusts that sheds light 
on an increasingly important part of the nation’s economic recovery. 

Pew counted actual jobs, companies and investments in every state and the District of Columbia aimed 
at developing clean, renewable sources of energy, increasing energy efficiency, reducing greenhouse gas 
emissions that cause global w'anning, and conserving water and other natural resources. We found that 
jobs and businesses in the emerging clean energy economy have growm at a faster rate than U.S. jobs 
overall. And they are poised for even greater growth, driven by increasing consumer demand, venture 
capital infusions by investors eager to capitalize on new market opportunities, and policy reforms 
by federal and state lawmakers seeking to spur America's fiscal recovery, reduce our dependence on 
foreign oil and protect the environment. 

This report reflects the intersection of two of Pew’s lines of work. The Pew' Center on the State.? identifies 
and advances effective approaches to improve states’ fiscal health and economic competitiveness, and 
the Pew Environment Group promotes practical, meaningful policy solutions to some of the world’s 
most pressing environmental problems. 

Across the country, state lawmakers also arc pursuing the dual goals of economic growth and 
environmental sustainability, A growing number of states are implementing policies to capitalize on 
the clean energy economy, from renewable portfolio and energy' efficiency standards to financial 
incentives for public- and private-sector innovation and investment. 

At the federal level, the American Recovery and Reinvestment Act provides tens of billions of dollars 
to bolster those efforts, But to realize the clean energy economy’s full potential, federal leaders must do 
more. The nation needs a comprehensive, economy-wide energy plan, a market-based system that will 
significantly reduce emissions that cause global warming and derive more of America’s energy supply 
from clean, renewable sources. Strong federal policies will accelerate the growth of this economic sector 
by generating jobs and businesses that develop clean energy and increase energy efficiency. 

As federal and state lawmakers consider these and other critical reforms. Pew will conduct follow-up 
research to determine which policy approaches most eflectively help America achieve the double 
bottom line of economic growth and environmental sustainability. We hope this report will inform 
and guide our nation’s leaders as they seek to expand our emerging clean energy economy. 

Sincerely, 

Susan Urahn 
Managing Director 
The Pew Center on the States 


Joshua Reichert 

Managing Director 

The Pew Environment Group 
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Executive Summary 


America's dean energy economy 
is dawning as a critical component 
of the nations future. 

Research by The Pew CTiaritabic Trusts 
shows that despite a lack of sustained policy 
aiieniion and invcsimenL the emerging clean 
energy economy has grown considerably — 
extending to all ~)0 states, engaging a wide 
variety of workers and generating new 
industries, Between 1998 and 2007, its jobs 
grew at a faster rale than overall jobs. Like 
all other sectors, the clean energ)' economy 
has been hit by the recession, but investments 
in. clean technology have fared far better 
m the past year than venture capital overall 
Looking forward, the clean energy economy 
has tremendous potential for growth, as 
investments continue to flow from both the 
government and private sector and federal 
and state policy makers increasingly push for 
reforms that wall both spur economic renew<al 
and sustain the environment. 

By 2007, more than 68,200 businesses across 
all 50 states and the Disirict of Columbia 
accounted for about 770,000 jobs that achieve 
the double bottom line of economic growth 
and environmental sustainability ('Exhibit .1). 

In today’s tougli. financial climate, when 
millions of jobs have been lost, those numbers 
may sound modest. Three quarters of a 
million jobs represent half a percent of all 
job-s in the United Stales today. But Pew’s 
research show's that between 1998 and 2007, 
clean, energy economy jobs — a mix of white- 
and blue-collar positions, from scientists 


and engineers to electricians, machinists and 
teachers — grew by 9.1 percent, while total 
jobs grew by only 3.7 percent. And altiiough 
we expect job growth in the clean energy 
economy to have declined in 2008, experts 
predict the drop in this sector will be less 
severe than the drop in U.S. jobs overall. 

Pew's research indicates a strong start for a 
new' economy still veiy much in its infancy. 

To put our clean energy economy numbers 
in perspective, consider the following, 
Bioiechnofog)', which has developed 
applications for agriculture, consumer 
products, the environment and health 
care and has been the focus of significant 
public policy and government and private 
investment, employed fewer than 200,000 
workers, or about a tenth of a percent of total 
U.S. jobs in 2007, according to a 2008 Ernst 
& Youttg report. And the well-established 
traditional energy sector — including utilities., 
coal mining and oil and gas extraction, 
industries that have received significant 
government investment — comprised about 
1.27 million workers in 2007, or about 
1 percent of total employment. 

Growing attention and financial support h-om 
both the private and public sectors indicate 
that the clean energy ccon(.>my is poi.sc,d tt^ 
expand significantly. Signaling interest in 
new market opportunities, venture capital 
investment in clean technology cro.ssed the 
$1 billion threshold in 2005 and continued to 
grow substantially, totaling about Si2.6 billion 
during the past three years. Although they 
have dropped significantly in recent months 
because of the recession, investments in clean 




technology are actually faring better than other 
industries; They were down 48 percent in the 
first three months of 2009 compared with a 
year earlier, while total venture capital across 
all sectors was down 61 percent for the same 
period. "It’s important not to miss the forest for 
the trees.” Nicholas Parker, executive chairman 
of the Cleantech Group, said in January- 
2009. "Ill 2008, there was a quantum leap 
in talent, resources -and institutional appetite 
for clean technologies. Now, more than ever, 
clean technologies represent the biggest 
opportunities for job and wealth creation.” 

Between 2006 and 2008, 40 stales and the 
District of Columbia attracted venture capital 
investments in technologies and industries 
aimed at economic growth and environmental 
sustainability. And all stales will receive a 
major infusion of federal funds through the 
recently enacted American Recovery' and 
Reinvestment Act (ARR/V), which allocates 
nearly $85 billion in direct spending and tax 
incentives for energy- and transporiaiion- 
relaled programs. 

Every State Has a Piece of the Clean 
Energy Economy 

With traditional manufacturing Jobs 
declining during the past decade, stales have, 
been working aggres.sively to develop new 
industries and create jobs that will endure — 
and remain within LI.S, borders. They also 
have been working to address the public’s 
concerns about high energy price.s, national 
security and our dependence on foreign 
oil, and global warming — all with an 
understanding that America is on its way' to 
being a carbon-constrained country, "\\1iile 
our economic engine has for years been 
powered by relatively inexpensive energ,% 


there is evidence that this era is coming to 
a close,” a National Governors As-sodaiion 
report, noted in 2007, "Meanwhile, we are 
increasingly aware of the serious impaci-s ol 
global climate change — and how America’s 
consumption of fossil fuels is contributing 
to a warming Earth.” 

Pew's analy-'sis show.s that every' slate has a 
piece of America's dean energy economy, 
Texas, for instance, generates more electricity 
from wind than any other state, had more 
than 55,000 clean energy economy jobs in 
2007, and attracted more than $716 million 
in venture capital funds for clean technology 
between 2006 and 2008. Tennessee has 
succeeded in cultivating jobs in recycling, 
waste treatment and water management, 
among other conservation industries; jobs 
in Tennessee’s clean energy economy grew 
by more than 18 percent between 1998 and 
2007, compared with 2.5 percent growth 
in all jobs in the state. Colorado has raised 
the amount of power electricity providers 
must supply from renewable energy sources 
to stimulate job growth .in solar and wind 
power and other forms of clean energy 
generation. Ohio ranked among the top five 
states with the most jobs in clean energy, 
energy efriciency and environmentally 
friendly production in 2007. Idaho. Kansas, 
Mississippi and South Dakota are among more 
than a dozen .states where the number of job.s 
in the clean energy economy in 2007 was 
modest, but the average annual growth rate 
of those jobs was among the highest in. the 
country. All told, in 38 states and the District 
of Columbia, job growth in the clean energy 
economy outperformed total jobs growth 
between 1998 and 2007. In a number of 
stales, job gains in the clean energ)-- economy 
have helped lessen total Job losses. 


! The Pew Charitable Trusts 
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Defining the Clean Energy Economy 

Pew parlnered with Collaborative Econoirtlcs, 
Jnc,, a public policy research firm based 
in California, on the research. While 
organizations on both sides of the political 
spectrum have weighed in with forecasts and 
economic modeling to esiimaie the size of ihe 
clean energy economy. Pew’s analysis is the 
first of its kind to count actual jobs, businesses 
and investments for each of the 50 states and 
(he District of Columbia. Our numbers arc 
conservative and may be lower than some 
other reports for th,ree reasons: First, we 
developed a stringent definition of the clean 
energy economy; second, we used a new, 
labor-intensive methodology that counted 
only companies that w-e could verify online 
a.s lx'.ing actively engaged in the clean energy 
economy; and third, we counted businesses 
and jobs supplying products and services 
generated by the clean energy economy, 
not die companies using these products and 
seiwices to make themselves “greener" (i.e., 
we counted only companies and jobs on the 
supply side, not the demand side, of the 
clean energy economy), 

Policy makers, business leadens and the 
public need credible, reliable data to ground 
their policy deliberations and choices, and 
to understand where emerging economic 
opportunities lie. They also need a clear, 
concrete and common definition of what 
constitutes the clean energy economy so they 
can track jobs and businesses and gauge the 
effectiveness of public policy choices and 
invesimerus. 

Based on significant research and input from 
experts in the field, including the advisor)^ 
panel that lielped guide thi.s study. Pew 
developed the following defiTiiiion: 


A dean energy economy generak's johi>. businesses 
and investments while exjmiding dean energy 
production. Increasing energy cfficicnev, redueing 
greenhouse gas emissions, waste and pollulion, 
and conserving water and other natural resourL.es. 

The clean energy economy cuts across five 
categories; (1) Clean Energy; (2) Energy 
Efficiency; (3) Environmentally Friendly 
Production; (4) Conseiwaiion and Poiluiion 
Mitigation; and (5) Training and Support. 

Wliile specific jobs and businesse.s will change 
in the coming decades, the five categories of 
the clean energy economy will not — providing 
a clear, practical and consistent framework for 
federal, state and local policy makers and the 
private sector to track investments, job and 
business creation, and growth over lime, 

Jobs of Today, and Jobs of Tomorrow 

Pew's Iramevvork takes into account that 
technology, scientific research, market forces 
and public policy will continue to drive 
innovation and competition, so the large.si; 
segments of today's clean energy economy 
may not be its driving forces tomorrow. 

Our data show that 65 percent of today’s clean 
energy economy jobs are in the category of 
Conseivation and Pollution Mitigat ion — a 
sector that reflects die growing recognition 
among the public, policy makers and business 
leaders of the need to recycle waste, conserve 
water and mitigate emissions of greenhouse 
gases and other polluianis. But three other 
categories — Clean Energy, Energy Efficiency 
and Environmentally Friendly Production — 
are growing at a far faster clip. And about 
80 percent of venture capital investments 
in 2008 were in the sectors of Clean Energy 
and Ener^^ Efficiency: businesses and jobs 
working to develop clean, renewable energy 
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sources such as wind and solar and products 
and services that reduce our overall energy 
consumption — all of which will help meet the 
demands of a carbon-constrained economy. 

The flow oi venture capital indicates which 
sectors are most ailraclive to investors and 
have the greatest growth potential. The 
number of jobs and businesses in Clean 
Ener^’ and Energy Efficiency will grow 
over time — and as the countty increases the 
amount of power it draws from renewable 
sources, we will generate less waste, reduce 
our reliance on foreign oil and produce 
fewer carbon emissions that cause global 
warming. That does not mean that jobs in 
the Conservation and Pollution Mitigation 
categoiy will disappear, other countries 
seek to follow Americas lead, they increasingly 
will need help managing their finite natural 
resource.s and addressing the adverse effects 
of their use of fossil-fuel energy sources — 
creating a new market for our products, 
technology and know-how. 

Public Policy's Role in Driving the Clean 
■ Energy Economy 

Public policy is another important indicator 
of the future, of the clean energy economy. 

Policies intended to advance the clean energy 
economy — from comprehensive energy 
plans, renevv'able energy standards and energy 
efficiency measures to the development of 
aliernaiive fuels, job retraining and w'aste 
reduciion efforts — have been adopted or are 
being actively considered by both the federal 
government and slates. It is too early to tell 
to what degree these efforts will succeed in 
stimulating U.S. job growth, strengthening 
Americas competitiveness, curbing pollution 
and conserving resources. But Pew’s analysis 
indicates such policies have gre.at potential 


because they create significant incentives for 
both the private and public sectors to develop 
new technologies, infrastructure and processes 
for clean energy, elfidency and conservation. 
Now that vve have baseline data in band. 

Pew wall conduct follow-up re-search to assess 
which approaches are particularly effective in 
generating jobs, busmes.ses and investments in 
the clean energy economy. 

State policies. Governors and legislators 
across the countty are seeking to get to the 
double bottom line of economic growth and 
environmental sustainability by adopting 
policies to advance the clean energ\’ economy. 

a Financial inauidve.^. Forty-six state.s 
offer some form of tax incentive 
to encourage corporations and 
residents to use renewable energy or 
adopt energy efficiency systems and 
equipment, Thirty-three states provide 
residential, commercial and industrial 
loan financing for the purchase of 
renewable energy or energy efficiency 
systems or equipment, And 22 slates 
and the District of Columbia offer 
rebate programs to promote the 
installation of .solar water heating or 
solar panels for electricity generation. 

® Renewable, portfolio atandards. Twenty- 
nine states and the District of 
Columbia have adopted renewable 
portfolio siandards, which require 
electricity providers to supply a 
minimum amount of power from 
renewable energy .sources. 

Energy efficiency standards. Nineteen 
stales have establi,shed energy 
efficiency siandards for energy 
generation, transmission and use. 


The Pew Charitable Trusts 
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® Regional clean enengy^ initiatives. 

Twenty-three states are participating 
in three major regional initiatives 
seeking to increase renewable energy 
generation and reduce carbon 
pollitiiori from power plants that 
causes global warming. 

Vehicle emissions stanckmls. Fourteen 
stales and the Di.strict of Columbia 
have adopted (and three rnore states 
ate poised to adopt) California's 
vehicle emissions standards, w’hich 
allow states the riglu to require 
automakers to reduce carbon 
emissions from new cars and light 
trucks more aggressively than federal 
standards mandate. On May 19, 2009, 
President. Barack Obama established 
national limits on vehicle emissions by 
adopting fuel efficiency standards that 
match CaUrornia's. 

Federal policies. The federal government 
also has played a critical role, adopting 
policies and making investments that have 
spurred economic growth and environmental 
protection from coast to coast. Laws enacted 
in. the 1960s and 19705 helped develop 
the recycling, waste reduction and waste 
management industries. The EPA’s Energy 
Star and Water Sense certification and labeling 
initiatives long have helped consumers choose 
and use products that conserve energy and 
water, And for almo.si two decades, the 
U.S, Department of Commerce has helped 
manufacturers improve efficiency, reduce 
waste and develop clean technologies and 
products, 

In the last three years, federal policy makers 
have taken major step.s to drive the clean 
energy economy forward. President Obama’s 
recent efforts to enact stronger fuel efficiency 


standards built on earlier legisialton. in 2007, 
President George W. Bush signed into law the 
first congressionally mandated increase in fuel 
efTidency standards for cars and light 
truclcs in more than 30 years. The. Energy 
Independence and Security Act of 2007 is 
projected to save consumers $25 billion at the 
gas pump, save 1.1 million barrels of oil a day 
and reduce grecnhou.se gas emissioms. 

Enacted in Februarx^ 2009, ARRA — the federal 
stimulus bill — includes an array of provisions 
to spur clean energy generation and energy 
efficiency businesses, jobs and investments. 
Among the almost $85 billion the package 
allocates to energy- and transportation-related 
spending, about $21 billion is dedicated to 
extending tax incentives for wind, solar and 
other renewable energy manufacturers. ARM 
also provides more than $30 billion for direct 
spending on clean energ)’ programs, including 
$11 billion to modernize the naiionfs 
electricity grid; $2 billion for advanced ' 
battery technology; more than $6 billion 
for state and local efforts to achieve energy 
efficiency; $5 billion for wealherization of 
low-income homes; $500 million for job 
training to help workers participate in the 
clean energy economy; and $300 million to 
purchase thousands of new, fuel-efficient 
vehicles for the federal Ilcei from American 
auto companies. 

Moving forward. Given America’s need to 
create enduringjobs and industries while 
conserv'ing natural resources and reducing 
carbon emissions, federal leaders are 
deliberating additional measures io .spur 
the clean energy economy. 

President Obama has signaled his support 
for a federal clean energy plan to reduce 
greenhouse gas emissions by at ]ea.st 80 
percent by 2050, and a national renewable 



967 




ponfoHo standard that would require that 
25 percent of the nation’s energy supply be 
derived from renewable sources by 2025. At 
this writing, the U.S. House of Representatives 
is considering the American Clean Energy and 
Security Act, a market-based proposal that 
would limit overall greenhouse gas emissions 
and distribute tradable federal allowances for 
each ton of p(dlui.ion emitted. The program 


would apply to electric uiilitk.s, oil companies 
and other entities that produce more than 
25,000 tons of carbon dioxide each year. The 
bill would increase significantly the arnoiiru. 
of energy derived from knv- or zero-carbon 
sources, including renewables— -meaning 
that businesses and jobs would be generated 
to develop clean energy .sources to meet the 
demand. 
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By 2007, 68,20.5 businesses in the United States had generated more than 770,000 jobs in the clean energy economy. And between 
2006 and 2008, about $1 2.5 billion of venture capta! investments was directed toward clean technology businesses in 40 states and the 
District of Columbia. The U.S. clean energy economy is an emerging source of jobs that achieve the double bottom line of economic 
growth and environmental sustainability. Every state has a piece of AmeriG’s deart errergy economy. 
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The Clean Energy 
Economy: A Definition 
3 n c Framework 


Manufacturing plants of old — the destination 
for thousands of workers and lifeblood of 
whole communities—havc been on the 
decline for years. In 2007. there were just 
under 14 million manufacturingjobs. but 
the industry- has shrunk every year over 
die la,si decade. Between 1998 and 2007, 
manufacturingjobs declined by nearly 21 
percent, an average of 2,(5 percent annually.^ 
M,any conipanie.s have shut down as 
c.on5umer.s turned to newer products and 
innovations or as more profitable business 
models emerged in other states or countries. 
This long, steady decline accelerated during 
the past year as the reces.sion hit, leaving 
workers in need of jobs — and states in need 
of new industries to serve as their economic 
engines^ Today, a growing number of slates 
are looking to identify and cultivate new 
industries and areas of economic growth to 
help them better compete in the 21st cenimy 
global marketplace. The public and policy 
makers alike want more than, a shon-term fix 
for the immediate fiscal crisis. They want new 
lines of business that will create Jobs, generate 
revenues for many years to come and help 
America re-emerge as a technological leader. 

With three quarters of Americans describing 
climate change as a serious problem.' slates 
also have been working to addross the 
public’s concerns about our shrinking supply 
of traditional energy sources, the nation’s 
overreliance on foreign oil and global warming 


pollution. “While our economic engine has 
for years been powered by relatively 
inexpensive euergyq there is evidence that 
this era is coming to a close.” a National 
Governors Association repon noted in 2007.'^ 
“Meanwhile, w'e are increasingly aware of the 
serious impacts of global climate change — and 
how America’s consumption of fossil fuels 
is contributing to a warming Earth.” Nearly 
half the stales have joined regional initiatives 
aimed at reducing carbon dioxide emissions 
from power plants and increasing clean 
energy generation. Twenty-nine states and the 
District of Columbia have adopted renewable 
portfolio standards, which require utilities to 
generate a certain, percentage of their power- 
ranging from 10 percent to 15 percent — from 
renewable energy sources by a target daie,^ And 
19 stales have established standards for energy 
efficiency.^ 

Driven by fiscal interests and concerns 
about energy and climate change, a growing 
number of public- and private-sector leaders 
are seeking to expand their share of the 
clean energy economy: jobs, busine.sses and 
investments that achieve a double bottom 
line— economic growth and environmental 
sustainability. This approach is not new; in 
the late 1990s businesses and policy makens 
began to recognize that consumer demand 
for clean products, supplies and activitie.s 
represented a significant market opportuntly. 
But the promise and priority o( the dean 




energy economy have risen sharply in 
response to the current economic recession 
and our increasing dependence on fossil fuels. 

Through the American Recovery and 
Reinvestment Act (ARRA), which was si^ed 
into law in February 2009, President 
Barack Obama and Congress have pumped 
substantial federal funds into cultivating the 
clean energy economy — nearly $85 billion in 
direct spending and tax credits for energ)’- 
and transportation-related programs.' But 
even before ARR.A, a growing number of 
states, from Tennessee and Texas to Colorado. 
Michigan and Ohio, were beginning to 
capitalize on the clean energ\' economy's 
double bottom line of econornic growth 
and environmental sustainability. 

Michigan has lost jobs since 2000 as 
the Detroit-based auto manufacturers 
have faltered; by March 2009, the state's 
unemploynient rate was the highest in the 
country, at 12.6 percent — an increase of 
5 percentage points in just one year.® 

Today, the clean energy economy is a central 
component of Michigan’s recovety strategy. 
Part of Governor Jennifer Granholm’s ’‘No 
Worker Left Behind" program aims to create 
clean energy jobs for Michigan residents, 
and she tasked Skip Pruss, director of the 
state's Deparimeru of Energy, Labor and 
Economic Growth, with making that goal 
a reality.'^ “Every slate wants to be a leader 
in the area for clean energy generation and 
energy efficiency,” said Pruss, "There’s keen 
competition; it s very dynamic. But there’s 
enough opportunity for everyone to really 
improve and diversify their economies.”’® 

Given the burgeoning interest in the clean 
energy economy, policy makers, business 
leaders and the public need credible, reliable 


data to ground their policy deliberations and 
choices, and to understand where growth 
is headirtg. And both government and the 
private sector need a dear and concrete 
definition of this market so they can track 
jobs, businesses and investments aimed at 
both economic grow-ih and environmental 
sustainability and gauge the effectiveness of 
public policy choices to support such efforts. 

Pew sought first to dearly define the dean 
energ)- economy and then count the actual 
number of jobs, businesses and investments 
in it. Pew^’s accounting of the clean energ)^ 
economy was developed from the. ground up. 
Our analysis is conseivative relative to other 
studies because we count actual dean energy 
economy businesses and jobs rather than 
entire occupation, s (such as all jobs in 
mass transit, or all electricians),’’ For 
example, our report counts the workers 
who manufacture hybrid cars and buses, 
technicians who construct wind turbines, 
electricians who install solar panels on 
homes and engineers who research fuel cell 
technology, but it does not include all auto 
manufacturers, electricians, technicians and 
engineers. In addition, we focus exclusively 
on producers and suppliers in the clean 
energy economy, We do not count jobs 
that use these products and service, s — for 
example, jobs within utilities re.sponsible for 
purchasing energy monitoring equipment or 
the mass transit operation, s that buy hybrid 
buses — because data limitations prevented the 
disaggregation of specific jobs within these 
types of companies. 

Although our numbers are conseivative, our 
report provides the most precise depiction 
to date of the dean energy economy in the 
United States.'- 
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The Clean Energy Economy, Defined 

Based on significani research and input from 
experts in the field, including the advisory- 
pane] convened to help guide this study. Pew 
has developed the foilowing definition; 

A dean energy economy geiKi aics jobs, businesses 
and invcsimenls while expanding dean energy 
production, increasing energy e(/k:ieney, redudng 
greenhouse gas entissiofis, wasle and pollution, 
and conserving water and other naliim! resources. 

The clean energy economy comprises five 
categories: (1.) Clean Energ)-; (2) Energy 
Efficiency; (d") Environmentally Friendly 
Production; (4) Conservation and Pollution 
Mitigation; and (5) Training and Support. 

Pew’s researchers organized these five 
categories from 16 economic .sectors (see 
Appendix A for a complete list), 


This framework (Exhibit 2) wa.s designed lo 
describe what the clean energy ect)nomy 
looks like today while leaving room for 
inevitable future changes. Teclmology, 
scientific research, market forces and public 
policy will continue to drive innovation and 
competition. A company that supplies natural 
gas engines for buses, for instance, may .supply 
a fundamentally different type of engine a 
decade from now, Bui while specific jobs and 
businesses will change, the five categories that 
make up the clean energy economy will not. 
Our framework provides a clear, practical 
and consistent too) for federal, slate and local 
policy makers and the private sector to track 
investments, job and business creation, and 
growth over time. 






11 ( I I VM NliRGY ECONOMY— A DF 


Ths dean energy economy generates jobs, businesses and investments while expanding clean energy production, increasing energy 
efficiency, redudng greenhouse gas omissions, waste and pollution, and conserving water and other rtatural resources. 


The dean energy economy comprises five categories: 





Although specific jobs and businesses will change overtime, the categories themselves will not— providing a dear, practical and 
consistent framework for federal, state and local policy .makers and the private sector to track investments, job and business creation, and 
growth overtime. 


SOURCt: 


rCha'rtat 
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The Five Categories of the Clean Energy 
Economy 

Clean Energy. These are jobs, businesses and 
investments that produce, transmit and store 
clean, renewable pcnver from solar, wind, low- 
impact hydro, hydrogen fuel cells, marine and 
tidal, geothermab^ and small-scale biopower'"^ 
energ)’ sources. 

This category's jobs, businesses and 
investments meet a stringent set of 
rec^uirements. Clean energy must have a 
positive net energy yield, reduce greenhouse 
gas emissions compared with other sources 
of energy, and be produced and distributed 
in a sustainable and safe manner. Nuclear 
power is not included in this categoiy’ because 
of significant, ongoing questions about how 
and where to safely store its waste; a system 
to sEtfely dispose of nuclear waste has not 
been implemented anywhere in the world 
(see Appendix F).^’ Additionally, we do not 
include the jobs and businesses associated 
with the production and clisirtbulion of liquid 
biofuels such as corn-based ethanol in the 
Clean Energy category because they do not 
meet its requirements.'^ As explained in more 
detail below, these jobs and businesses are 
included in the Environmentally Friendly 
Production category instead. 

Exam/p/c-s' oj johs: Eleciricians, electrical 
engineers and plumbers help install new 
energy systems, while plant operatois ensure 
that renewable .sources such as wind and solar 
are being converted to eieciricity. Mechanics 
rebuild ailing energy infrastructure by 
installing sensors and controls that monitor 
Eind distribute clean energy more effectively 
(i.e,, making the grid smarter). Researchers 
and technicians perfect and implement batter}^ 
technologies that improve how we store and 
distribute clean energy. 


Energy Efficiency. These are job-S and 
businesses that help Americans reduce the 
amount of energy we use, whether to run a 
manufacturing plant or heat and cool an office 
building or home. Expanding the use of clean, 
renewable energ)- sources will take time, 
so im.proved energy efficiency helps reduce 
our use of fossil fuels in the short term and 
use less energy — from both fossil fuels and 
renewable source.s — in the long term. 

Examples of jobs: Engineers develop energy- 
efficient lighting, meters, software programs 
and other products that help curb and 
monitor energ)^ usage, while electricians and 
others install them in homes, businesses and 
government buildings, 

Environmentally Friendly Production. These are 
jobs. businesse.s and investments that seek to 
mitigate the harmful environmental impacts 
of existing products and develop and supply 
alternatives that require less energy and emit 
fewer greenhouse gases. Environmentally 
friendly production comprises six areas: 
transportation, manufacturing, construction, 
agriculture, energy production and materials, 

E.>;;afuplc.s of jobs: 

« Transportation includes jobs that 
produce hybrid diesel buses, traffic 
monitoring software and liquid 
biofuels. This includes only facilities 
where feedstocks are distilled into 
biofuels and centers that distribute 
them — i.e., the biofuels infrastructure; 
it does not include figricukural jobs 
that supply feedstocks to produce 
liquid biofuels.'^ We include 
biofuels infrasiruclure because 
the commercialization of second- 
generation biofuels from the cel)uio.se 
in plants and waste holds the potential 
to produce an energy source that does 
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not diveri substantial amtuints of land 
from growing food or damage ihe 
environment. 

® Manufacuiring includes chemists 
who prcKluce environmentally sound 
packaging, equipment and surface 
cleaning products that are less 
caustic than traditional products, 

Si' Construction includes workers who 
produce and install green building 
material such as alternanve cement 
and manufactured wood products 
made trom scraps, and consultants 
who provide green building design 
and constRiction services. 

Agriculture includes plumbers and 
technicians who install smart inigation 
systems, as well as chemists who 
design alternative pest conirols and 
consultants who provide agricultural 
sustainability planning. 

# Energy production includes jobs that 
design and apply cleaner technologies 
to coal such, as gasification, pyrolysis, 
and carbon capture and sequestration 
(CCS). Coal provides nearly 50 
percent of America’s electricityd^ but 
it also produces about 80 percent of 
the electricity sector's carbon dioxide 
emissions.''’ CCS technolog)- is still 
under development, but our definition 
Includes efforts that seek to reduce 
the adverse impacts of coal in the 
near future while the country works 
to develop clean, renewable energy- 
sources. 

Materials includes product 
designers and engineers who develop 
biodegradable product.s and chemical 
engineers who research new chemical 


catalysts to break down wastes and 
reduce toxins naturally. 

Conservation and Pollution Mitigation. The.sc 
are jobs, businesses and investmenls that 
enable the United States to manage water and 
other finite natural resources more effectively 
and to mitigate emissions of greenhouse gases 
and other pollutants that result from the 
continued use of fossil fuels.^' Also included 
are efforts to recycle materials used in 
production processes, which can save energy. 
For example, recovering aluminum from scrap 
(from manufacturing plants as well as from 
aluminum products) to refine and produce 
aluminum a second time uses less than 5 
percent of the energy required to produce 
primary alurainum.^^ 

Examples of jobs: Trained workers 
safely remediate hazardous materials from 
industrial sites; scientists and technicians 
develop, install and supply products to 
capture and treat noxious greenhouse gases 
and pollutants; machinists and system 
operators treat water and waste; and 
environmental consultants help companies 
and governments improve emissions 
monitoring, water conservation and recycling, 

Training and Support. These are jobs, 
businesses and investments that provide 
specialized services to the oiher four categories 
of the clean energv- economy. 

Examples of Jobs: Financial analy.st.$ 
and consultants specialize in clean tech 
investments, lawyers and paralegals provide 
legal serxdces, researchers and engineers 
develop new energy generation technologies, 
and vocational leachens train new workers ior 
the clean energy economy. 
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Methodology 

This repori counts lobs, companies, patent 
regislrations and venture capital investments 
that are pari of ihe clean energy economy, 
as Pew defines it, across all 50 states and 
(he Dist rict of Columbia. Because a perfect 
data set with which to count these jobs and 
businesses does not exist, and obtaining an 
accurate count, of this emerging economic 
activity is difficult, Pew used data that provide 
detailed information on induidual companies. 

As a first step, Pew’s researchers identified 
companies receiving clean technology 
venture capital. Next, we used the National 
Establishment Time Series (NETS) 
database — a time series database of U.S. 
public and private establishments based on 
data from Dun Sr Bradstreet — to identify 
similar and related companies. This approach 
enabled us to capture the different sets of 
activities that result in products and services 
produced and supplied by the clean encrg>' 
economy, creating the most comprehensive 
and accurate count of jobs yet available. For 
the purposes of this analysis, w^e studied jobs 
and businesses between 1998 and 2007. 


As noted earlier, there is no straightforward 
classification of jobs and businesses in the 
clean energy economy. To compensate for 
this, Ccdlaborative Econoniics Inc,, Pew’s 
research partner, created a new database (o 
track businesses in the clean energy economy 
and. in combination with NETS, identified 
companies in the clean energy economy 
across the nation. The research team designed 
a Web search engine to find company Web 
sites and to verify that these businesses were 
still actively engaged in the clean energy 
economy, basexi on our definition. Then a 
team of analysts manually checked the validity 
of the 50-state data. Given the methodology 
and standards employed, our count of 
businesses and jobs is probably consetvative, 

Venture capital investment data were provided 
by the Cleantech Group, which tracked 
investments by industry categoiy, We obtained 
new patent regislrations, based on U.S, Patent 
and Trade Office records, with the help of 
intellectual properly experts at 1790 Analytics. 
Both patent and venture capital data were 
collected for the period from 1999 to 2008. 

See .Appendix B for a more detailed 
description of our methodology. 
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The Clean Energy Economy: 
National Numbers 


Businesses and Jobs 

Driven by growing consumer demand, public 
policy decisions and public- and private-sector 
investments, America's clean energ)’ economy 
today comprises more than three quarters of a 
million jobs. By 2007, the last year for which 
data arc available, 68,203 businesses across 
all .50 states and the District of Columbia 
had created 770,385 jobs in the clean energy 
economy. While this represents half a percent 
of all jobs in the United States. Few's research 
shows that between .1998 and 2007. jobs 
in the clean energy economy grew by 9. .1 
percent, while total jobs grew by just 3,7 
percent. And although we expect the national 
recession to have caused a decline in jobs that 
are pan of the clean energy economy in 2008. 
experts predict it. will be less severe than the 
drop in overall U.S. jobs,^^ 

To put these numbens in perspective, 
con.sider the following, Biotechnology, which 
has developed applications for agriculture, 
consumer products, the environment 
and health care and has been the focus 
of significant public policy^'^ and private 
investment, employed fewer than 200,000 
w'orkers, or aboui a tenth of a percent of total 
U.S. jobs in 2007, "‘'And the well-established 
traditional energy sector — including utilities, 
coal mining and oi.1 and gas extraction, 
industries that have received significant 
government investment— -comprised about 
1.27 rnilUon vvorkcr.s in 2007, or about 
1 percent of total employment.'^'' 


Workers from all walks of life and diverse 
professional backgrounds are the engine of the 
clean energ)' economy. Plumbers, machinists, 
scientists, engineers, bankers and marketing 
consultants all contribute to it — with annual 
incomes ranging from approximately $21,000 
to $111,000.^^ “Tlte range of jobs will be 
from entry level to high level and they will all 
evolve as the industry evolves," Katliy Krepcio, 
executive director of the John j. Heldrich 
Center for Workforce Development at Rutgers 
University, told members of Congress in 
March 2009.^^ 

One national company that illustrates the 
potential of the clean energy economy is 
Hemlock Semiconductor,'^ the world’s large.st 
producer of polysllicon, a key maierlal in 
photovoltaic devices such as solar panels. For 
decades, the 48-year-old company primarily 
produced semiconductors, but solar panels 
have taken off. and Hemlock with them. The, 
company, based in Hemlock, Michigan, has 
expanded rapidly during the past five years — 
doubling from 600 to 1,200 empioyee.s. 

In December 2008, Hemlock announced 
a SI. 2 billion in\-estrnenl to launch a new 
Clarksville, Tennessee, plant that, will employ 
900 people once it opens in 20.12, Tennessee 
Governor Phil Bredesen and (he Tennessee 
Department of Economic and Community 
Development created an aitraciive package 
to lure Hemlock, including tax incentives, a 
shovel-ready location, and sound roads and 
other transit to ship materials in and products 
out. The package also featured a partnership 
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w-ih \uspn Peay State University,, which 
vv->miTiMK J 10 ofSering a program to train 
ski’k'ci rianuiaciuring \vorkers in -meeting 
iht '.pct’fic tu I (.is of a company such as 

Hemlock.'' 

Vs ihe solar industry' grows domestically 
iOvl mieinanonaJly, we'd ex^iect both of our 
sites [in Michigan and Tennessee] to continue 
to grow," .said jarrod Erpelding, a company 
spokesman. "'We have this tremendous 
operation set up to sen-e the world's solar 
eleclridiy generation needs. But solar 
compr-ises less than 1 percent of the world s 
total, electricity generation. We Ye as large as 
we are now to setve this very’ small fraction. 
We are workirtg as hard as we can to grow 
the domesttc; market for solar energy'.” 


Where the Jobs Are Now, and Where They 
Are Heading 

The Jobs of Today: Conservation and Pollution 
Mitigation. In 2007, 65 percent — -501,551— ■ 
of all jobs in the deart energy economy 
were in the calegoiy of Consenvation and 
Pollution Mitigation, which includes the 
recycling industry (Exhibit 31, These jobs are 
spread acro,ss all 30 states and the District 
of Columbia. The industries and businesses 
represented in this sector arc capital 
intensive — ^requiring large investments in 
plants and equipment — and they respond to 
the demand to recycle and reuse water and 
other natural resources more efficiently. The 
dominance of this sector to date makes sense, 
given recognition among consumers, policy 
makers and business leaders of the need to 
recycle waste, conserve water and mitigate 
emissions of greenhouse ga.se.s and other 
pollutants. 


i.>i . : . 


65 percent of loda/s clean energy economy jobs are in the category of Conservation and Polltition Mitigation. Growing recognition among 


the public, policy makers and business leaders of the need to recycle waste, conserve water and work to mitigate emissions of greenhouse 
gases and other pollutants has led to growth in this category. But growth trends paint a different picture forthe future of the dean 
energy economy. Jobs in Environmentally friendly Production, Clean Energy and Energy Efficiency are growing much faster in .respon,se to 
new market demands. 


JOBS THE Environmentally Training 

CLEAN ENERGY Friendly Production andSupport 




SOOfiCE: Pew Charisable Trusts, JCXS.tused on the ftolionalEslaWiihment^eSertestoUbate; analysis by Pew Center on ttie States and Collaborative Economics. 
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To be cost effective for rnunicipalitir j, 'ec/cf rig m»isl occur 
on a large enough scale to yield savings at the landfill. 

• ' ti -.’shich operatesin 18statesand lOOdties 
and towns, encourages recycling while helping consumers 
and local governments save money.’^ The company 
collects recyclable materials in bins equipped with 
computer chips that record the amount recycled and send 
the information to the RecycleBank's Web site, where it 
is converted into points for the bin owner's account. The 
customer can log into the account and convert points to 
coupons for stores such as Target and brands such as Kraft. 

As a result of these incentives, areas that use the program 
have seen recycling increase by SO percent or more along 
with significant savings at the landfrii, which often charge 
per ton;’" Wilmington, Delaware, for instance, cut its $2.1 
million annual waste removal tab by 40 percent.’^ 

RecycleBank's roughly 105 employees include operations 
managers, technology specialists, marketing professionals 


ami solespt opie The staff does not !n,.’jdi:t '.su. rv, 
garbage collectors or rKycling plant workers because the 
company tries to help existing recycling operations stay 
in business. Once a deal is signed, RecycleBank retrofits 
existing trucks with mechanical arms that read the chips 
in the new bins. Upfront costs are paid by RecycleBank in 
return for an agreement to share the long-term savings 
with the city 

Some communities are not traditionally recyclers — 
espedaily low-income areas where it is not easy for 
individuals without the means to invest in solar panels, 
electric cars and the like. But RecycleBank CEO Ron Gonen 
said the company has done well in these neighborhoods. 
'■'We’ve been able to come in on a mass scale and say we're 
going to help you become part of this environmental 
movement today, and we're going to reward you for it," 
Gonen said, "if you give people the opportunity, they're 
going to take advantage of 


The Jobs of Tomorrow: Clean Energy; Energy 
Efficiency; and Environmentally Friendly 
Production. 'While the Conservation and 
Pollution Mitigation sector contains the 
majority of today’s jobs and businesses in the 
clean energy economy, Pew’s data indicate 
that three different categories represent the 
jobs of tomorrow: Clean Energy; Energy 
Efficiency; and Environmentally Friendly 
Production. Together, these categories make 
up more than one in four jobs in today's clean 
energy economy — and they arc growing at a 
[a.st clip. They represent businesses and jobs 
that are looking ahead to develop renewable, 
efficient energy sources and technologies to 
meet the demands of a carbon-constrained 
economy (Exhibit 3). 


Clean Energy. The Clean Energy sector 
contains a variety of different workers, 
from electricians and engineers to plumber.?, 
who help create, distribute and store clean, 
renewable energy'. In 2007, this sector 
accounted for about 89,000 Job.s. While 
this category is small relative to the more 
established and geographically dispensed 
Conservation and Pollution Mitigation sector, 
it is growing rapidly and promises to torrn 
the backbone of tomorrow’s clean energy 
economy. Investors see great poieniial in this 
burgeoning sector. As explained below, it 
attracted the vast majority of clean venture 
capital between 2006 and 2008. The jobs in 
this category^ are located in three main areas: 
ener^- generation, transmission and storage. 
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Nearly six out of 10 jobs in this sector fall 
specifically in the area of energy generation, 
which includes jobs responsible for producing 
clean forms of energy such as wind, solar, 
geothermal, low-impact hydro, hydrogen, 
marine and tidal, and small-scale biopower, 
jobs responsible for solar power generation 
dominate this subgroup; 62.5 percent of 
all energ>^ generation jobs in 2007 were in 
the solar indusir)-, jobs in wind power were 
second overall, making up 9.7 percent of 
energy generation jobs in 2007, but they grew* 
more rapidly — by 23.5 percent between 1998 
and 2007, compared to 19.1 percent growth, 
for solar power jobs during the same period 
(Exhibit 4), 

Energy transmission jobs, focused on building 
tomorrow’s energ)’ deliver)- systems, represent, 
one of every nine jobs in the overall Clean 
E.nergy sector. GridPoinl, a Virginia-based 
technology firm with 130 employees, is among 
the businesses seeking to make those systems 
smarter, Much of America’s electricity grid 
currently sits unused except at peak times, 
when the system exceeds capacity. “As vve get 
closer to the consumer, we don’t have any 
ability to measure and control the electricity 
at that level, ” said Steven Hauser, head of 
GridPoint’s market development.'*® As a result, 
the grid is not very smart. Better consumption 
patterns and pricing signals between 
producers and end users could change that 
dynamic, making the grid work optimally and 
provide better feedback to end users. In March 
2008, GridPoinl began collaborating vviih the 
City of Boulder, Colorado, and other energy 
companies to make Boulder a smart grid 
laboratory. Smart meters have been installed 
in about 15,000 homes — ultimately, about 
50,000 w'iil have ihern — and GridPoinl has 
!n.sta!led software and other tracking devices 
to monitor and control energy consumption in 



Nearly six out of 10 jobs in the category of Clean Energy are 
responsible for the generation {versus transmission or storage) 
of clean and renewable energy. Job.s in solar energy generation 
account for 62.S percent of all energy generation jobs. Jobs in 
wind energy generation are second overall, making up 9.7 
percent. Jobs in wind and solar are expanding at promising 
rates-— wind power jobs grew 23.5 percent between 1998 and 
2007, outpacing solar jobs, which grew 1 9,1 percent during the 
same time period. 







real time, allowing consumers and the utility 
to better understand patterns of energy use. 
Provider can then price energy accordingly, 
and consumers can reduce their energy 
consumption during the most expensive 
hours. “It is really important that states 
develop their own smart grid plans — and 
belter green energy plans .for that matter — to 
encourage investment at the 
stale level," said Hauser. 

The remaining 31 percent of jobs in the Clean 
Energy sector cc-incentrate on developing 
and implementing new and more effective 
energy- storage technologies, such as those 
that capture excess renewable energy supply 
and release it on demand. Renewable energy 


' , Econo.mv 1 The Pew Charitable Trusts 



b?mes:^ a Spanish-owned wind turbine manufacturer, 
arriyect in Pennsylvania in early 2005. Its first plant was 
a former U.S, Steel factory in Ebensburg, outside 
Pittsburgh — and some of its first hires were formersteei 
workers from the old plant. Within a few years, Gamesa 
opened a second plant in Fairless Hills arrd a Philadelphia 
development office. The company currently employs 
about 1,000 Pennsylvanians. 

Gamesa spokesperson Michael Peck said the company 
was drawn to Pennsylvania by the state’s bipartisan 
legislative commitment to renewable energy, its proximity 
to large and accessible energy markets, and its native 
resources — wind, and a large, skilled workforce, the 


legacy oftheonce-mighty steel industry. -^ The state's 
renewable energy portfolio standard — which requires 
eiectridty providers to supply at least a certain amount 
of power from renewable sources — was set earlier and 
more aggressively than similar policies in other states, an 
encouraging signal to Gamesa that there would be 
local demand for its product. Peck said. In addition, 
Pennsylvania is situated among many other states with 
large energy demands, limited wind resources or land 
for wind farm development and renewable portfolio 
standards, he said. 'WeVe had an opportunity through 
the challenge that's facing our environment to take this 
manufacturing DNA and attain world leadership in green 
energy and manufacturing," Peck said. 


sources such as wind and solar power arc 
intermittent, so finding ways to store and 
transmit energy when the sun is not shining 
and wind is not bkowing is critical.’*'^ 

Energy lyfidcncy. As U.S, Tinergy Secretary 
Steven C.hu has said, “maxirnizing energy 
efficiency and decreasing energy use will 
remain the lowest hanging (niit of the next 
several decades.”"^' In 2007, this sector 
represented approximately 73,000 jobs in 
the dean energy economy, The jc^bs and 
busines.ses in the Energy Efficiency category' 
work hand-in-hand with those in the Clean 
Energy sector, Energy-efficient products and 
.sendees use the current supply of energy more 
effectively, decreasing Americans’ consumption 
of carbon-emtuing energy while clean, 
renewable energy sources are developed that 
can meet a greater share of U.S. energy' needs.'^- 
Energy efficiency is one of the most cost- 
effective ways of reducing the consumption 
oi carbon-emitting energy supplies, and U.S. 
consumers have responded by increasing 


demand for more efficient products and 
services.’*^ In 2007 alone, Americans 
purchased more than .300 million Energy' Star'^’’ 
products — labeled as energy efficient by the 
U.S. Department of Energy and Environmental 
Protection Agency — ^across 50 categories, up 
67 percent from the previous year. ''^ 

Increased demand for energy-efficient 
products and services has spurred job growth 
for workers who make and distribute .software 
and meters to monitor energy consumption 
and who manufacture and install efficient 
glass and lighting, along with, service-related 
jobs that help companies and individuals 
improve home or business energy use. Many 
of these Jobs are white-collar positions, 
including energy management and energy 
consulting services. The two groups are closely 
connected; the demand for cnergy-eUicient 
products drives a corrc.sponding demand for 
energy' management and consulting services 
and related jobs. 
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fioncy^vpii J'Ufrn.iiktridl, bised in Morris Township, New 


Jersey, and inventor of the iconic round thermostat found in 
homes around the world, has a $38 billion portfolio — and 
nearly half of it is tied to errergy efficiency products and 
services, according to Kent Anson, vice president of (Mobal 
Energy and Environment for Honeywell Building Solutions.*' 
Sales in Honeyweil's Automation and Control Solutions 
division, which includes the Building Solutions swtion 
and many energy efficiency products such as sensor and 
switches for lights and other appliances, jumped at a rate 
twice that of total comparry sales in 2008 “ 

In a typical contract, Honeywell engineers audit building 
systems for potential energy efficiency improvements artd 
oversee comprehensive retrofits that can save thousands 
of dollars and tons of emissions and create or sustain a 
range of jobs for Honeywell engineers, local subcontractors 
and manufacturing workers in supplier companies, said 
Anson, Ail told, a $10 million contract can create or sustain 


95 jobs, according to the National Association of Energy 
Services Companies.*' The audit process often leads to a 
combination of bringing in renewable energy sources and 
tightening up the efficiency of sources old and new. For 
example, a Honeywell contract launched last fall with the 
Housing Authority of the City of Pittsburgh is expected 
to save the city $3.2 million annually in utility costs by 
switching communities to geothermal HVAC systems 
(systems that store air from the earth's natural heating 
and cooling processes), sealing buildings to reduce loss 
of hot and cold air and retrofitting lights and appliances 
with more efficient models.*® The improvements also are 
expected to cut annua) carbon emissions by nearly 16 
million pounds — equivalent to removing more than 1,300 
vehicles from the road.** "By developing projects that have 
environmental and financial drivers, we will see the type 
of widespread adoption that will have a lasting impact on 
greenhouse gas emissions," said Anson,®® 



Johnson Controls, a Fortune 500 auto parts manufacturer 
headquartered in Milwaukee, Wisconsin, is one of the 
country's fastest-growing companies in the clean energy 
economy and is a recognized leader iir energy-efficient 
building solutions.'' in fact, as Joy Claik-Holmes, the 
company's director of Local Government and Market 
Solutions explained, growth in its building efficiency 
business is outpacing its other divisions, accounting for 
more than one third of the company's 140,000 employees 


and $38 billion in sales in 2008.®* "We are benefiting from 
the expartsion of the public's general interest in energy 
efficiency and its willingness to invest," Clark-Holmes said. 

Johnson Controls recently launched a campaign to educate 
consumers about energy efficiency and sustainability, 
"‘Green’ is a marketing word for what people fee! is doing 
the right thing," said Clark -Holmes. "If you truly want to 
become green you have to become energy efficient." 
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A;5vin tnrigy^" has been actively promoting conservation 
since 1982, "before it was on everyone's radar/ according 
to spokesman Ed Clark. Its Power Saver program has 
encouraged customers to make their homes and 
businesses more energy efficient through rebates and 
low-interest loans for improvements from weather 
stripping to solar panel installation. Austin Energy works 
with 80 Independent local heating and air-conditioning 
services to make the improvements in the Austin, Texas, 
metropolitan area. In addition, the utility company has a 
two-year-old partnership with Austin Community College, 
in which students intern with Austin Energy and other 
area utilities in preparation for post-graduate jobs. 

Austin Energy is a city department. Because it is publicly 
owned and its profits become part of the city's general 


San Francisco, California-based Frojc'ct EBOf? (flexible 
Response to Ongoing Growth)” provides castomizable, 
prefabricated "smart buildings" that incorporate science, 
technology and human behavior at as much as 40 percent 
less than the cost of traditional construction projects, 
according to company founder Mark Miller.^ 

Three years ago, Milter and his colleagues at a San 
Francisco architecture firm established Project FROG with 
two goals: to reduce money, time and materials associated 
with traditional construction and to create efficient, 
affordable and environmentally neutral buildings.'^ With 
the support of venture capital firms, they developed 
prefabricated components to create buildings suited to 
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fund, every investment the group makes of more than 
$50,000, such as the purchase of its $2.8 billion biomass 
plant, must be reviewed and approved by the Austin City 
Council before (t can be implemented. The short-term 
costs of moving to renewable energy sources can cause 
concerns for constituents— but energy efficiency and 
ultimate cost savings to consume5 and the city benefit 
everyone, said Clark. The city council recently pas.sed a 
newEnergy Conservation Audit and Disclosure Ordinance 
that will go into effect June 1, 2009, requiring energy 
audits ofali homes more than 10 years old before they 
are sold, and disclosure of the results to prospective 
buyers. Clark predicted that in addition to increasing the 
demand for efficiency improvement products and services, 
the ordinance will create a need for about 100 certified 
inspectors to perform the audits.'^ 



different sites and user needs. For its first commercial 
projects. Project FROG targeted American school districts. 
To date, the company has constructed buildings across 
two campuses, and it has three more campuses under 
construction that will open this fall. Project FROG employs 
3 staff of 20 and works with 10 full-time consultants from 
the architecture, energy, manufacturing and engineering 
fields. To maintain the brand's low-cost, sustainable ethos, 
the company buys its materials — primarily steel and 
large panels that become walls— from local suppliers, 
and it favoR producers that have strong efficiency 
and sustainability practices in place, said Adam Tibbs, 
president of Project FROG. 







: Pennsylvania's Land Recycling Program, which encourages 
; owners of brownfield sites to dean them up by providing 
i uniform standards, liability relief, standardized reviews 
and financial assistance, is a major source of busines 
for the law firm of Manko, Gold, Katchcr&Fox. The firm, 
which is based in Pennsylvania but represents clients 
in every state and a!! over the world, provides legal 
. services related to the Land Recycling Program and other 
environmental policies. For example, the firm's lawyers 
: counsel businesses and municipalities on compliance 
j with environmental regulations, and they help clients 
I 


Etjvir(}nni£:nfall>' Priendly Production. Ten 
years ago, relatively few jobs focuseci on 
supplying alternative products and sendees, 
such as environmentally friendly construction 
materials and compressed natural gas bus 
engines, aimed at reducing carbon emissions 
and conserving natural resources. In 2007, the 
Emaronmentally Friendly Production sector 
comprised ,5.3,700 jobs — 7 percent of all jobs 
in the clean energy economy — but that share 
reflects growth of 67 percent during the past 
decade, driven by the transition Americans 
are making toward more etivironmentally 
sustainable products and practices. Products 
traditionally made from derivatives of fossil 
fuels are now being produced from organic 
materials such as complex sugars and starches; 
the production of these bioproducts has 
increased and will continue to grow as the 
demand for fossil fuel replacements grows. 

Training and Support. In 2007, there were 
more than 50,000 jobs in the Training and 
Support sector, the only category in the clean 
energy economy that experienced a negative 
annual growth rale between 1998 and 2007. 
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determine whether their projects qualify for environment- 
related funding through ARRA and other programs. The 
federal stimulus has boosted demand for environmenta! 
legal services as companies and municipalities jostle for 
funding with "green" stipulations attached to it. Managing 
Partner Robert Fox predicts the market for environmental 
lawyers is "going to be much hotter over the next 10 years 
than it was over the last."^® Manko Gold's staff includes 23 
lawyers and two full-time technical consultants who are 
experienced engineers. 


Employment in this area peaked in 2002 and 
declined during the next three years, hut it 
has been on the rise again since 2006. Despite 
its small size and slow growth, the skills and 
specialized services of the jobs in this category 
are vital to the other four sectors of the clean 
cnerg)^ economy. Teachers train plumbers and 
electricians to install clean energy systems, 
researchers develop new energy-generating 
technologies, and legal and business firms 
consult with companies to ensure that their 
products and services thrive in the growing 
clean energy economy. 

Patents and Venture Capital Investments 

The clean energy economy is still young. As 
Pew’s data show, job.s and busine.sses in. the 
clean energ)' economy have multiplied rapidly 
during the past decade — yei the numbers 
reflect early elTorts by investors, enirepreneur.s, 
researchers and policy makers, “Clean tech is 
where IT was 30 years ago and biotech was 20 
years ago; we’re way earlier in the innovation 
cycle," said David Prencl, managing general 







1999 

to 2008 Solar 


Energy infrastructure 4.3% 
Geothermal 0.e% 

Hydro 0.8% 


paitner at RockPorl Capital and director of the 
National Venture Capital Association. “Were 
just now starting to .see the most exciting, 
true innovation. It has taken time to attract 
entrepreneurs and scientists, Thai's all just 
starting to hit its stride, with more game- 
c h angi n g op po n. u r\ i t i es , 

Today's research and venture capital .spending 
will generate tomorrow’s clean energy 
opportuni{ie,5. Innovation drives Job growth; 
New companies can form around a clean 
technology, and more established firms can 
respond to new market demands and expand 
tlieir range of products and services. Pew 
took a closer look at patent registrations and 
venture capital investments to get a preview of 
where the dean energy economy is headed. 
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Patents 

Patent registration statistics point to the types 
of technologies that may be introduced into 
the market in the coming years (Exhibit o'). 
Registering a patent to protect and control 
the technology is one of the most important 
early steps in bringing an innovation to 
market.^' Patents are particularly important 
for expensive energy generation and advanced 
energy storage technologies. “Due to large, 
upfront capital requirements, dependable 
patent protection is an absolute necessity for 
the development and commercialization of 
the job-creating technologies and industries 
of the future,” said William Klehnt, president 
and CEO of Fallbrook Technologies, which 
designs and manufactures drivetrains for bikes 
and light electric vehicles.^'^ Patents are not 
only for entrepreneurs who are building a 
new company around new products; they also 
enable established businesses to advance their 


T vumi o 
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During the past 10 years, patents for energy storage technologies 
have accounted for a majority of all clean technology patent 
registrations. The types of energy storage patents have shifted 
over time. Traditional battery technologies have been replaced in 
recent years with growth in fuel cells and hybrid systems. 

TRENDS IN ENERGY STORAGE PATENTS, 1999-2008 
600 


Banenes 



SOURCE: Pew ChaiitabteTnJJts. 2009, based on data ftom 1 790 Analytics,- analysis by Pew 
Cntter on the Stat« and Coltaborative Economics. 
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existing product lines and gain advantages 
over their competition. 

Between 1,999 and 2008, 8,384 clean energy 
technology patents were registered in the 
United States. Although traditional batieiy 
technology patents have accounted for nearly 
half of all registered clean energy’ technology 
patents in the last 10 yeai-s, registrations for 
hybrid systems and fuel cells^^ have begun to 
gain ground (Exhibit 6). Among clean energy 
generation patents — which have accounted 
for 15.3 percent of all patents registered in the 
past 10 years — solar technologies historically 
have outpaced other parts of the sector, but 
they have declined in recent years as the 
solar indusiiy has begun to focus more 
on implementing and scaling up existing 
technologies rather than creating new ones. 
The number of wind technology patents has 
climbed rapidly (Exhibit 7). Geothermal and 
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hydro technology patents have accounted 
for a small number of overall patents — only 
1.6 percent thics far — but their growth and 
the growth in wind patents demonstrate 
burgeoning private-sector interest in a diverse 
renewable energy- portfolio. 

Venture Capital 

Tracking venture capital investments across 
all 50 states show's where investors see 
market opportunities. Beginning in 2006, 
venture capital investments in businesses 
that are drivers of the clean energy' economy 
grew dramatically, increa.sing annually by an 
average of $1.6 billion (Exhibit 8). In fact, 
in 2008 clean venture capital investments 
accounted for 1.5 percent of all global 
venture capital investments, up from 9 
percent in 2007.'^-^ and domestic clean venture 
capital investments outpaced international 
investments.^'* In 2008 alone, investors 
directed $5.9 billion into American businesses 
in the clean energy economy, a 48 percent 
increase over 2007 investment totals. 

Given the national recession, the news was not 
as encouraging in the last quarter of 2008 and 
first quarter of 2009. In April, the Cleantech 
Group reported that investments in clean 
technology- were down 48 percent in the first 
three months of 2009, compared with a year 
earlier.'’*' But clean tech actually fared better 
than other industries: Total venture capital 
across all sectors for the first quarter of 2009 
was down 61 percent from the first quarter 
of 2008, according to the National Venture 
Capital Association.'’'' The Cleantech Group 
projects that clean technology' investments 
will rehound quickly. ‘'The long-term drivers 
for cleantech are still Intact.’'' the group 
reported in April 2009. These include the 
growing demand for energy' services, the 
stress on water s\ipp!ie,s, the need to reduce 
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Since 2006, venture capital investments in clean technology 
businesses have grown dramatically, Between 2006 and 2008, 
investments increased by an average of Sl.5 billion annually. In 
20Q8 alone, S5-9 billion of venture capital was invested in dean 
technology businesses, 

VENTURE aPITAl INVESTMENTS 

m CLEAN TECHNOLOGY, 1999-2008 „ 



SOURCE: Pew Charitable Trusts, 2009. based on data From TheClaanteth Group™ IIC 
analysis by Pew Center on the States and Collaborative Economics. 


greenhouse gas emissions, and a limited 
supply of traditional fossil fuels, according to 
the report,'’' “It’s important not to miss the 
forest for the trees," Nicholas Parker, executive 
chairman of the C'leantech Crroup, said in 
January 2009, “In 2008, there was a quantum 
leap in talent, resources and insiituliona] 
appetite, for clean technologies, Now, more 
than ever, clean technologies represent the 
biggest opportunities for job and wealth 
creation,”'’*'^ 

Investments in Qean Energy companies 
accounted for 69 percent of all clean venture 
capital investments between 2006 and 
2008 (Exhibit 9), in fact, 34 percent of all 
investments have gone to energy generation 
companies alone. Many of those dollars went 
to solar technologies; in 2008, funding for 
solar companies accounted for 40 percent 
of all venture capital raised globally for 
businesses in the clean energy economy.^'’ 


Venture capital is an essential source oi 
private equity for emerging technologies. 

For business startups in the clean energy 
economy, it is indispensable. "You have to 
have VC backing in order to bring the 
product to commercialization," said Tibbs, 
president of Project FROG, “it’s what, greases 
the wheel.” Unlike many other types of 
investors, venture capitalists target early-stage 
companies and cutting-edge (echno!ogie.s 
with high growth potential. They are willing 
to take significant risks in exchange for 
potentially substantial gains. 

Innovation in the form of ricw clean energy 
technologies is neither cheap nor ca.sy. For 



Venture capital funding in clean technology over the last three 
years has totaled nearly S12.6 billion. Investments in Clean 
Energy companies dominated ai! venture capita! investments, 
accounting for 69 percent of investments between 2006 and 
2008. Companies in Environmentally friendly Production and 
Conservation and Pollution Mitigation attracted more than 
$2 billion in investment during the same time period. 


CLEAN VENTURE 

CAPITAL 

INVESTMENTS, 

2006-2008 

Conservation and 
PoHiition Mitigation — 
$1.08 billion. 9% 

EftviroRnientally 

Friendly 

Production 

$ 1.82 billion ' 

14% 


Energy Effidenry 

$943.1 million, 8% 


65^9 


SOURCE: 

Pew CberitaHe Trusts 
2009, based on dais 
from Tbe Oeantech 
Group’" UC analysis by 
PewCenleronthe 
SMes and Crritaboiative 
Econorracs. 


NOTE: (nwesTment values are adjusted fortnUalian and 
reported In 2008 dolleis. The category of Training and 
Support is not represetited because i! is not a category 
of inyestmeiws tracked by The Cleantech Group LLC. 




985 


eveiy breakthrough, hundreds more fall 
short, necessitating ongoing, capital-heavy 
investments in research and development. 

Still more capital is required to bring them to 
market at a scale that makes them competitive 
with carbon-intensive forms of energy. 

“Energy is a $6 trillion market worldwide. Tt 
is the mother of all markets,” John Doerr, a 
partner at Kleiner Perkins Caufield & Byers, 
one ot the countr)'’s largest venture capital 
linns, told the nation's governors in February 
2008,'’*^ “Our investments, our policies, and 
our government R&D mitst match the scale of 
this problem. And we’ve got to work together; 
If we don't scale, we’re going to fail.” 

For example, Solyndra, a Fremont, California- 
based solar company, developed and patented 
technology for commercial rooftops that 
captures more hours of optimal sunlight per 
day and allows die panels to lie flat instead 
of on an angle, making installation easier and 
less expensive.’’ Recognizing the commercial 
viability and scalability of the technology, 
venture capital firms have poured more than 
$920 million into the company since its 
founding in 200.5.’^ Investments also have 


enabled aggressive research and development 
Solyndra tested its manufacturing processes 
at the National Renewable Energy Laboratoiy 
through a public-private partnership with the 
federal government.''’ 

In March 2009, Solyndra became the first 
beneficiarv' of the U,S, Department of 
Energy’s loan-guarantee program, introduced 
in 2005 to encourage the development and 
adoption of new clean energy technologies,''* 
The $535 million loan guarantee will enable 
the company to build a second facto'y’’ in 
Fremont. Solyndra CEO and founder Chris 
Gronet said the additional funding w'ill 
help the company achieve the economies 
of scale needed to deliver solar electricity 
at prices that are competitive with utility 
rates.’-’’ These economies of scale also mean 
more jobs. The new plant wnll employ 1,000 
full-time employees upon its completion, 
and 3,000 construction workers will be put 
to w'ork immediately to build it. Solyndra 
representatives expect their product to be 
cost-competitive with coal in the next two to 
three years.’* 


rncrgy tconomy | The Pew Charitable Trusts 
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Will Coleman's venture fund, Mohsf OavMow VentufSi, 
with $2 billior! under management, is putting money into 
emerging energy generation technologies for a pragmatic 
reason: it believes there's a lot of money to be made 
there. "Cieantech venture capita! is not a mission-driven 
business," said Coleman, a partner at Mohr Davidow. 

"It's focused on real opportunities and real markets. We 
wouldn't he here investing if we didn't believe that."” 


MotirDavidow Ventures, based in Menlo Park, California, 
focused exduweiy on Intemet-relatedtechnology 
investments when it was created in the 1980s,and has 
since broadened its portfolio to include technologies 
related to the life sciences, and, most recently, businesses 
in the clean energy economy. The firm's current 
investments include support for Nanosolar, a solar panel 
manufacturer in California, and Hycrete, a developer of 
more sustainable construction materials.’* 






Coleman said he pays close attention to a company's 
location when deciding whether to invest. The state's 
poliq' climate plays a major role in his decision, he said, and 
he is interested in everything from potential tax incentives 
totheexistenccofa strong renewable portfolio standard, 
which he said helps create marketstability. He also believes 
government investments are essential to stimulate and 
support the research and development that is necessary 
before technological innovations can be brought to market. 
"We play a catalyzing role in developing technologies that 
can be deployed commerdally," he said. "But in order 
to do that you have to have a deep pool of research and 
development going on in universities and other research 
center. The opportunities for us really depend on the 
health and depth of those pools." 
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The Clean Energy Economy; 
State-By-State Numbers 


Jobs 

Eveiy stale and the District of Columbia 
have a piece of the 770,385 jobs and 68,203 
businesses in America’s clean energy economy 
(see Exhibit 1 , page 8). Yet no two slates look 
the same in terms of the type or number of 
jobs. For example, California has more jobs 
in the clean energ)^ economy than any other 
state — more than 125.000 — a number that 
grew annually by an average of 0.9 percent 
between 1998 and 2007. Wyoming has the 
Few'est of these jobs nationally, at just more 
than 1,400, but they have grown annually by 
an average of 5.2 percent, indicating strong 
momentum and potential. 

Each state has different competitive 
advantages when it comes to growing jobs 
and businesses in the clean energy economy, 
atiraciing private venture capital investments 
and incubaiing research and development, 
.Some .states have abundant natural resources 
such as wind and sunshine, while others are 
home to dozens of research universities. What 
is imporlani is that policy makers understand 
and capitalize on their states' unique strengths 
to expand their share of the clean energ)' 
economy. 

Pew conducted three analyses to pro\nde 
an effective way of comparing states’ clean 
energy economies. First, we looked at the total 
number of jobs in each state’s clean energy 
economy in 2007 and the annual growth 
rate of those jobs beiw'een 1998 and 2007. 
Second, we ]c>o]<ed at the total number of jobs 


in the clean energ)- economy in the context 
of each state’s total jobs, which presents a 
baseline understanding of how’- the clean 
energ)' sector relates to overall economic 
performance in the states. And third, w'e 
compared the growth rate of jobs in each 
state’s clean energy economy to the growth 
rate of its overall jobs. Looking ahead, these 
analyses offer lawmakers, business leaders 
and the public a way to measure the return on 
investment of current and future clean energy 
policy decisions. 

Analysis One: States' Clean Energy 
Economies — How Big Are They, and 
How Fast Are They Growing? 

Looking simultaneously at the total number 
of jobs and businesses (large or small) and 
average annual growth rate of the jobs 
(fast growing, grow'ing or losing), states’ 
clean energy economies fall into six groups; 
large and fast growing, growing or losing; 
and small and last growing, growing or losing 
(Exhibit 10). 

Large and fast growing. Three states have large 
and fasl-grow'ing clean energy economies: 
Colorado, Oregon and Tennessee. In 2007, 
each of these slates exceeded the national 
averages for both the number of jobs in the 
clean energy economy (15,106) and the 
average annual growth rate for those jobs 
(1.9 percent). These stales are geographically 
dispersed, demonstrating that location 
is not the sole factor in the success and 
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I'Miinir 10 

WHERti ARH TlSfiJOBS IN IHL ClJiAN fiNliRGY ECONOMY? 


looking simukaneousiy at the total number ofjobs (large or smai!) and theiraverage annual growth rate (fast growing, growing or 
losing), states' dean energy economies fall into sij( groups; large and fast-growing jobs, growing jobs or losing jobs; and small and 
fast-growing jobs, growing jobs or losing jobs. Large states had more jobs in their clean energy economies in 2007 than the national 
average of 15, 106 jobs. Smaii states had fern than the national average of dean energy economy jebs. States with fast-growing dean 
energy economies experienced average annual growth between 1958 and 2007 that exceeded the national average of 1 .9 percent. 
Growing states had a positive average annual rate of growth less than 1.9 percent and losing states have experienced negative growth, 




Alabama 


Arkansas 
California 
Co'i'Mdo 
Connecticut 
Delaware 
District of Columbia 
Florida 
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vitality of a state’s clean energy economy- 
Tennessee has had sitccess developing jobs 
in the Conservation and Pollution Mitigation 
category, which includes recycling, waste 
treatment and water management; more than 
three quarters of the slate’s jobs in the clean 
energy economy are in this category. Colorado 
has capitalized on its natural wind and sun 
resources to sitmtilaie job growth in Clean 
Energy, while Oregon has become a leader in 
Energy Efficiency, with a quarter of its jobs in 
the clean energy economy in this category. 

J-argt: unci gr()vving. Twelve slates have large 
and growing clean energy economies; Their 
numbers of jobs in the clean energy economy 
in 2007 exceeded the national average and 
have grown by an average of 1 percent 
annually. These saates’ dean energ>- economies 
are expanding at a moderate but steady rate, 
and they have a strong foundation on which 
to build. These states are California, Florida, 
Georgia, Indiana. Massachusetts, Michigan, 
Minnesota, North Carolina. Ohio, Texas, 
Virginia and Washington. 

L3.t'ge and Icxsing. Illinois, New Jersey, New 
York and Pennsylvania have large clean 
energy economies that are losing jobs. 

Difficult economic conditions have led to a net 
loss of these jobs in these four stales during 
the past 10 years. .Still, Illinois, New Jersey, 
New York and Pennsylvania each rank among 
the top 10 states for total jobs in the dean 
energy economy across several of Pew’s five 
categories (Exhibit ll"). 

Small and fast growing. Comprising the kirgest 
group, T3 slates and the District of Columbia 
are categorized as having small and fast- 
growing clean energy economies. These states 
had fewer than the national average of jobs 
in the dean energ)- economy in 2007 but 
exceeded the national average for annual rate 


of job growth. For example, Idaho and South 
Dakota each had fewer than 3,000 of these 
jobs, but their average annual growth rates are 
among the top in the nation at 10.1 percent 
and 7.9 percent, respectively. The other 13 
states are Arizona, Hawaii, Iowa, Kansas, 
Louisiana, Maine, Mississippi. Nebraska, 
Nevada. New Mexico, North Dakota, South 
Carolina and Wyoming. 

Small and growing. Another 12 states have 
small and growing dean energy economies, 
with few'er than average jobs and some annual 
job growth, although their rates of growth — 
less than 2 percent — lag behind stales with 
similarly sized dean energ)^ economies. 

These states are Alabama, Alaska, Arkansas, 
Connecticut, Delaware, Kentucky, Missouri., 
Montana, New Hampshire, Oklahoma, Rhode 
Island and Vermont. 

Small and losing. Maryland, Utah, West 
Virginia and Wisconsin had fewer than 
average jobs in the dean energy economy in 
2007 and experienced net losses in these jobs 
during the past 10 years. In M.ar)dand, at least, 
that trend may change, in coming years, New 
legislation that aims to reduce greenhouse gas 
emissions by 2.3 percent by 2020 was enacted 
by Maryland Ewmakers in May 2009, and it 
may drive greater demand for environmentally 
friendly products and services in the state. 

Analysis Two; States' Clean Energy Economies 
as a Share of Their Overall Economies 
Jobs in the dean energy economy accounted 
for 0.49 percent of all jobs nationally in 2007. 
Twenty-two .states exceeded that U..S. average, 
including several by a large margin (Exhibit 
12). Oregon led the nation with just more 
than 1 percent of all of its jobs focused on 
the clean energy economy in 2007. Although 
Maine had just 6.000 jobs in the dean energv’ 
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Although California leads in overall employment in each category, a closer look reveals other notable trends. Arizona makes the top 10 
in Clean Energy but in no other category. Massachusetts, New York and Ohio are among the top 10 in all but one category. 

While Arizona, Arkansas, iowa, Maine, Nebraska, Wisconsin and the District of Columbia each have fewer than 15,106 jobs in the dean 
energy economy — the national average — they rank among the top 10 states in one ofthe five categories. In all, nearly half the states 
rank among at least the top 10 states in at least one category of the dean energy economy. 
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economy as of that year, it was a close second 
with 0.8.5 of its overall jobs dedicated to the 
clean energy economy. Ai the other end of the 
spectrum, 0.24 percent of Mississippi's total 
jobs were pari of the clean energy economy in 
2007, although the state’s number of jobs in 
this area was growing. 

Analysis Three: Growth of fobs in the 
Clean Energy Economy Compared with 
Overall jobs Growth 
Nationally, jobs in the clean energy 
economy grew by an average of .1 percent 
annually during the past iO years, while 
total employment grew by an average of 0.4 
percent annually. In 38 states and the District 
of Columbia, job growth in the clean energy 
economy outperformed total job growth 
between 1998 and 2007, In a number ol 
states, job gains in the clean energy economy 
ha\'e helped ie.s.sen total job losses. 


job growth in the dean energy economy 
eclipsed growth for all jobs by more than 
2 percent in 11 states: Hawaii, Idaho, Iowa, 
Kansas, Mississippi. New Mexico, North 
Dakota, Oregon, South Carolina, South 
Dakota and Wyoming. Oregon’s large and 
fast— growing clean energy economy, for 
example, has dwarfed the growt;h of o\'erail 
jobs in the state, expartding by an. average 
of 4,8 percent compared with an average of 
less than 1 percent annually. This growth 
is not limited to one industry or job type: 
Oregon’s jobs in the clean energy economy 
have experienced marked growth during the 
past 10 years in ail five of Pew’s categories. 
And although North and South Dakota have 
very small dean erierg)-’ economics, the growth 
of these jobs in both states has outpaced their 
grosvth of total jobs. In North Dakota, overall 
jobs grew by 1.0 percent, but jobs in the dean 
energy economy grew by an average ol 3.2 
percent. In South Dakota, overall jobs grew by 
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It is important for states to know just how many oftheir total Jobs fail within the dean energy economy, ffotionaiiy, jobs in the clean 
energy economy accounted for 0.49 percent of ail jobs in 2007; 22 states exceeded that natiojrai average. 
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North Dakota and South Dakota have very smaii dean energy 
economies. The number of jobs in the dean energy economy in 
each state was less than 2,i00 m 2007. Despite the small overall 
si2;e of their dean energy economies, the growtft of These jobs in 
both states outpaced their growth of total jobs between 1998 and 
2007, Ift North Dakota, overai! jobs grew by 1.0 percent, but jobs 
in the clean energy economy grew by an average of 3.2 percent 
annually overthe past 10 years. In South Dakota, overai! jobs 
grew by an average of only 0.6 percent annually, while jobs in the 
clean energy economy grew by an average of 7.9 percerst during 
the pastlOyears. 


average: ANNUAL GROWTH 
IN)OBSJ99Sto2007 



Jobs in the 

dean energy economy 
Alljobs 


1,636 
jobs in the 
clean energy 
economy 
in South 
Dakota 
in 2007 



2,112 
jobs in the 
clean energy 
economy 
in North 
Dakota 
in 2007 

+ 0 . 6 % 



NORTH DAKOTA SOUTH DAKOTA 


SOURCE; Pew ChafirableTi usis, 2009, based on the National blablishfiKWt TUneSei'ws 
Databate; analysis by Pew Center otsiha Stato.sand Collaborative Econooucs. 


Job growth in ihc. clean energy economy has 
had a slight, edge over total job growth in 18 
states: 7\labama. .Arizona. Arkansas, Califontia, 
ColoT'ado, Kentuelcy, Louisiana, Maine, 
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Minnesota, Missouri, Nevada, North Carolina. 
Oklahoma, Rhode Island, Tenne-ssee, Texas. 
Vermont and Washington. The d.iirercnc:c 
between the average annual growth of jobs in 
the clean energ)^ economy and tt'tai pms is 
than 2 percentage points in thcM •'i.tit ^ I Iw 
growth trends in these 18 states uimien'i. otc 
the fact that jobs in the clean ene>g\ CvOiicunv 
are an important coniribuior to -shUes imt. Jl 
health and a growing source oi employment. 

Seven states — Connecticut. Delaware. 

Indiana, Massachusetts, Michigan, Nebraska 
and Ohio — ^and Washington, D.C., suffered 
overall job losses but gained jobs in ihe clean, 
energy economy between 1998 and 2007. 

In Nebraska, for exiirnple, total Jobs have 
remained relatively constant, declining slightly 
by an average of 0.5 percent annually, but 
during the same time period. Jobs that arc 
part of the clean energy economy increased 
rapidly, growing an. average of 10 percent. 

The federal government wants to re|.)licate this 
pattern nationwide with its tens ol billions in 
eneTg)f-related stimulus .spending, designed to 
help replace some, lo.st jobs with new ones that 
are part of the clean energy economy. 

Finally, in New York and Ulinois, both clean 
energy economy jobs and overall jobs had 
negative growth rates between 1998 and 
2007, although clean, energy economy job 
growth shrank at a slower rate. 

Venture Capital 

Venture capital investments help drive states' 
clean energy economies, allowing companies 
to grow, hire new employees and scale up 
the production and distribution of goods and 
services (Exhibit 14). Clean startups began 
attracting venture capital in the. 1 990s, a 
trend that accelerated in recent years. By 
2006, clean investments had become a 
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significant force in llie world of venture 
capital, and between 2006 and 2008, 40 states 
and t he Dist rict of Columbia attracted venture 
capital investments. See Appendix E for 
the 30-state table. 

California wa.s by far the largest recipient of 
venture capital investments, attracting more 
than $6.3 billion between 2006 and 2008. 
Most of the states that attracted venture 
capital investments have either large and fast- 
growing or large and growing clean energy 
economies. The number of jobs in the clean 
energy economy a state has, and how fast that 
number is growing, are signals to potential 
investors — both public and private — of 
promising market opportunities. That said, 
venture capital is important but not essentia! 
to a state’s ability to develop strong industries 
in the clean energ\^ economy; existing 
technologies offer poteniial for growth and are 
not as reliant on venture capital investment. 
Ten states have not attracted venture cap>ital 
Funding during the past three years but have 


developed jobs and busine.sses in the clean 
energ}^ economy; Alabama, Alaska, Kentucky, 
Louisiana. Maine, Montana, Nebraska, North 
Dakota. South Carolina and South Dakota. 
Some of these states, such as Kentucky, 

Maine and North Dakota, have noteworthy 
shares of jobs in the Clean Energy and Energy 
Efficiency categories, which accounted for 
81 percent of venture capital in the dean 
technolog)^ sector in 2008 — ^meaning that 
they may be well positioned to attract venture 
capital funds in the future. 

Patents 

The states chat led in patent registrations 
between 1999 and 2008 also led in venture ' 
capital funding and overall employment. 
Technolog)’ patents help states pioneer new 
clean products and incubate research and 
development to help stimulate biisinesses 
and jobs in the clean energy economy within 
their borders. All 50 states and the District 
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Dr, Kenneth Reihnider directs the University of South 
Carolina's Solid Oxide Fuel Cel! program, which designs 
processes that convert chemical energy to electrical power. 
Hydrogen happens to be the fuel that Reifsntder specializes 
in, but he does not believe in a single solution to cleaner, 
alternative energy needs. His work aims to answer the 
question, "How can we use energy in its many fwms?”*’ 

Reifsnider's program is Just one component of the 
university's Future Fuels initiative, which develops 
cleaner energy options, including sriar and hydrogen, to 
successfully replace fossil fuels. The University of South 
Carolina has established partnerships with 15 private 
companies, the Savannah River National Laboratory and 


the City of Columbia, South Carolina, to bring scientists 
and engineers together to determine how future fuels 
can be integrated into everyday lives. The State of 
South Carolina has invested more than SI 1 million in 
this comprehertsive research partnership, which has 
made it a national leader among states in future fuel 
technology. In 2009, Columbia hosted the National 
Hydrogen Association's annual conference, at which 
the city showcased its fuel cell district — the first in the 
southeast—and a hybrid-electric fuel cell bus that begins 
service this fail. Those and other activities have drawn 
Reifsnider and other top researchers to South Carolina's 
program. "This is the very best place to make a step 
forward," said Reiftnider.*^ 
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of Columbia have had ai least one registered 
dean technology patent in the past 10 years. 
Exhibit 15 shows the 10 states with the Kighest 
number ol patent registralions from 1999 to 
2008. See Appendix E for the '50-staie. table. 



Top lOstates attracting 
venture capital investments 
in companies in the dean 
energy economy, 2C06-2008. 
in millions. 

California SS,530 

Massachusetts .'.Siliil 

Texas 

Washington 635 

Coloi-a'in 622 

Maryland .324 

New Jersey . v 

Pennsylvania : . ■ : 

NewVork 210 

Georgia 180: 

NOTt Investrrwni values sre adjusted for 
innetieiv reported In 2003 dollars and 
rounded to the nearest $1,000,000. 
SOURCe. Pew Charitable Trusts, 2000, 
based on data FrotnThe Cleantech 
Group”' UC analysis by Pew Center on 
the States and Collaborative Ecorwmiu. 


Top lOstates In dean 
technology patent 
registrations 1999-2C08 


California 

NewYork 

Michigan i 

Texas 

Conn»cticut 404 

MassdchJSPtts 384 

Ohio 

Illinois 297' 

Georgia 256 

NewJersey .::::v::248 


SOURCE: Pew Charitable Trusts. 2009. 
based on data Rom UMAna^rlcs; 
analysis by Pew Center on the States 
and Collaborative Eeonortuos. 
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Public Policy and the 
Future of the Clean 
Energy Economy 


Policies intended to advance the clean energ)' 
economy — from comprehensive energy plans, 
renewable encrg\’ standards, energy efficienc)- 
measures and tailpipe reduction requirements 
to the development of akernative fuels, job 
retraining and waste reduction efforts — ^have 
been adopted or are being actively considered 
by both the federal govemmeiu and states. It 
is loo early to tell to what degree these efforts 
will succeed in stimulating U.S. job growth, 
strengthening America’s competitiveness, 
curbing pollution and conserving resources, 
or which approaches are particularly 
effective. But Pew's analysis indicates that 
they have great potential because they create 
significant incentives for both the private and 
public sectors to develop new technologies, 
infrasemeture and processes for clean energ)g 
efficiency and conser\'ation. 

State Policies 

Although every stale has a piece of today’s 
clean energy economy, clear winners and 
losers will emerge going forward. Policy 
makers who act quickly and effectively could 
.see their .states flourish, while others may 
lose opponunitie.s for new jobs, businesses 
and inve.simenis. “The keys to our economic 
potential as a state and as a countiy'^ — not 
to mention our survival as a species — ^will 
likely rest in our ability to unlock, harness 
and advance green technologies,” Maryland 


Governor Martin. O’Malley told his state’s 
Clean Energy Center in March 2009.''^^ 

Financial Incentives: Every state offers some 
form of financial incentive to drive its clean 
energy economy. Thirty-two stales provide 
residential, commercial and industrial loan 
financing for the purchase of renewable energy 
or energy efficiency systems or equipment. 
Twenty-three states and the District of 
Columbia offer rebate program.s to promote 
the installation of renewable energy systems 
and energy efficiency measures such as solar 
water beating and photovoltaic .systems. Fony- 
six states offer some form of tax incentive to 
encourage residents and cor^^orations to use 
renewable energy or adopt energy efficiency 
systems and equipment. 

Regional Clean Energy Initiatives: States have 
banded together to develop regional initiatives 
to reduce carborv dioxide emission.s from 
power plants, increase renewable energy 
generation, track renewable energy credits and 
research and esiablLsh baselines for carbon 
sequestration. Regional initiatives can be 
more efficient than programs at the state level, 
because they £ncompas.s broader geographic 
areas and create more uniform regulatory 
environments. Twenty-three states are 
members of three major regional initiatives: 

(1) Midwestern Greenhouse Gas Reduction 
Accord (MGGRA); (21 Regional Greenhouse 
Gas Initiative (RGGD; and (3) Western Climate 
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STATES' CLEAN ENERGY POUCH'S 


Regional Initiatives 

States have banded together to develop 
regional initialises to reduce carbon 
dioxide e.missions, increase renewable 
energy generation, track renewable 
energy credits and research and establish 
baseiines for carbon sequestration. 
Twenty three states are members 
of three major regionannitiatlves*. 

Nine additional states and the District 
of Columbia are observers of regional 
initiatives, Florida has established its own 
individual state cap-and-trade program. 

• Midweste'n Greenhouse &»s Reduction Accord 
(MGGHAj; Regional Greenhouse Gas initiative (RGGIj; 
and Western CliTTwie Initiative !WCIJ. 



Renewable Portfolio Standards 

Twenty-nine states and the District of 
Columbia have established renewable 
portfolio stanriards requiring electricity 
providers to supply a minimum 
percentage or amount of customer power 
from a renewable source of electricity, 
Five additional states have set voluntary 
renewable portfolio standards. 



Energy Efficiency Resource Standards 

Nineteen states have established a 
.stand-alone energy efficiency resource 
standard or included a provision for 
energy efficiency within their renewable 
portfolio standard. Three additional 
.states, New Jersey, Massachusetts and 
Rhode Island, are considering energy 
efficiency resource standards. 


NOTE:Po!iciRS curiBUtasof May 6, ?009 

SOURCE; Pew Charitable Ti usts, 2009; based on analysis by I 
Energy Efficient Economy, 
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IniiiaUve (WCi). Florida has established its 
own individual state cap-and-trade regulator)' 
program. 

Renewable Portfolio Standards: Twenty-nine 
slates and i.he District of Columbia have 
established renewable portfolio standards 
(RPS) since ,1983. requiring electricity 


prosdders to supply a minirnum percentage or 
amount of customer power from a renewable 
source of electricity, Florida, North Dakota, 
South Dakota, Utah and Virginia have 
set voluntarv' RPS goals. These renewable 
energ)' targets are expected to drive growth 
in already fast-growing areas of the clean 
energ)' economy. In Colorado, for example, 


iJisl 


: Texas Slate Representative Warren Chisum (R-Pampa) is 
: best known for his outspoken conservative positions on 
; hot-button issues such as evolution and gay marriage. 

J Chisum spent most of his non-legislative career working 
i on drilling rigs and truck yards. 

i About a year ago, how'ever, Chisum created the Texas 

1 Carbon Caucus, a bipartisan groiipof legislators who meet 

legislators of ail stripes are eager to talk about them. 

"Wind is a growing business and creates a lot of jobs,' 
said Chisum. "The industry takes some of our smallest, 
most rural towns and makes them pretty active."** 

Today, Texas would rank sixth in the world for wind 
energy generation if it were a country. According to the 
American Wind Energy Association, it dwarfs all other 
states in wind capacity, and added more capacity than 
any other state in 2008,*’ 

Texas' wind industry would not bp 
what It IS today if the state hao not put 
m place an aggressive renewab'e port 
foun standard and other pubhc oolicv 
mediures 10 years igu Chisuinsaid 

Texas' wind farms did not sprout up overnight, as Chisum 
knows well from the lOyears he has spent on the House 
Environmental Regulations Committee. According 
to Chisum, before wind could take on a major role in 
powering the state, a strong natural gas infrastructure had 
to be in place to provide back-up power when necessary. 

And Texas' wind industry would not be what it is today 
if the state had not put in place an aggressive renewable 
portfolio standard and other public policy measures 10 


years ago, he said. 

periodically to discuss issues related to carbon reduction 
and job creation and hear from leading thinkers from 
around the country. "The one and only rule Is that we do 
. not discus.s global warming," Chisum said. 'There will 
■ be no debate about whether it is caused by man or not 
as long as I'm in charge. We are only allowed to discuss 
what we are going to do about Now that some of the 

potential solutions — namely wind energy — are proving 
not only viable but economically advantageous in Texas, 

Chisum would like to see Texas be more proactive as it 
looks toward its energy future, He sees solar power and 
carbon sequestration as the state's next big opportunities, 
and said he is sponsoring legislation this session that 
would create an underwater well for carbon sequestration 
off the coast of Houston, "We're preparing Texas," he said. 
"We're the largest carbon emitter, but we're going to be 
the first ones to take that carbon and put it where it needs 
to be,"^ 
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lawmakers recenliy doubied ihe standard 
after seeing the ease with which a lower target 
was niei., “The standards created an economy 
based on renewable energy, creating demand 
for workers to build and maintain wind farms 
in areas that have suffered from a shrinking 
tax base/' said state Representative Jack 
Pommer {D-Bouider). “Some rural areas arc 
now growing from the economic influx.”^’ 

Energy Efficiency Resource Standards: Since 
1999, 19 states have established a stand-alone 
Elnergy^ Efficiency Resource Standard (EERS) 
or included a provision ior energy efficiency 
within the state's RPS,'*^' EERS focus on 
naiura! gas and electric utilities, encouraging 
continually increasing energ)- savings over 
time. At this writing, three additional slates — 
M,assacb.usett.s, New Jersey and Rhode 
Lsland — are actively considering similar 
policies. All state-based EERS include end-use 
energy savings improvements.'^^ 

California Vehicle Emissions Standards: 
Fourteen states — Arizona, Connectiem, 
Florida, Maine, Maryland, Massachusetts, 
Newylersey, New Mexico, New York, Oregon, 
Pennsylvania, Rhode Island, Vermont and 
Washington — and the Distilci of Columbia 
have adopted California's vehicle emissions 
standards, which require automakers to 
improve the fuel efhciency new cars and light 
trucks that resulting in a .30 percent reduction 
in carbon emissions by 2016. On May 19, 
2009, President Obama announced that the 
Administration would establish the first-ever 
national limits on vehicle emissions that 
match California’s w'hile raising fleei-wnde 
fuel efficiency .standards to approximately 
.35.5 miles per gallon by 2016. 

Eie.ven s(aie.s — Arkansas, Alabama, Georgia, 
Kentucky. Louisiana, Mississippi, Nebraska. 
Oklahoma, South Carolina, Tenne.ssee and 


West Virginia — offer financial incentives to 
drive their clean energ)' economie.s, but as of 
this writing do not participate in any regional 
initiatives and do not have either renewable- 
portfolio or energy efficiency resource 
standards in place. 

Federal Policies 

The federal government has helped spur 
the development of the clean energy 
economy through policy reform and strategic 
investments. The Solid Waste Disposal 
Act. enacted in 1965, and the Resource 
Conservation and Recovery Act, enacted 
in 1976, fostered the development of 
the recycling, waste reduction and waste 
management industries, and the EPA's 
Energy Star and Water Sense certification 
and labeling initiatives long have helped 
encourage consumers to use products that 
save energy and water. And for almost two 
decades, the U.S. Department of Commerce 
has helped manufacturers improve efficiency, 
reduce waste and develop clean technologies 
and products. 

In the past three years, federal policy makers 
have taken major steps to drive the clean 
energy economy forw^ard. In 2007, President 
George W. Bush signed into law the first 
increase in fuel efficiency standards for cars 
and light trucks in more than 30 years, as 
pan of the Energ)' Independence and Security 
Aci.’^‘ This feat was unimaginable to many 
Congressional observers when just two years 
earlier, 67 members of the Senate opposed 
any Increase in fuel elTiciency. The legislation 
enacted in 2007 was supported by a majority 
of Republicans and Democrats, the United 
Aiuo Workers union. environmeRLali.sts 
and 89 percent of American volet s. The 
Energ)-’ Independence and Security Act is 
expected to save LI million barrels of oil 
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a day, save consumers $2.5 billion al the 
pump and achieve reductions in greenhouse 
gas emissions equal to taking more than 28 
million cars off the road.'"^-' 

Enacted in February’ 2009, ARRA — the federal 
stimulus bill — includes an array of provisions 
to spur clean energy generation and energ>- 
efficiency businesses, fobs and investments. 
Among the almost $85 billion the package 
allocates to energy- and transportation-related 
spending, about $21 billion is dedicated to 
extending tax incentives for wind, solar and 
other renewable energv’ manufacturers. 

ARRA also provides more than $30 billion 
for direct spending on clean energv^ programs, 
including $11. billion to modemire the 



The federal stimuius hill enacted in February 2009 includes an 
array of provisions to spur clean energy generation and energy 
efficiency businesses, jobs and investments. A total of $84,8 
billion has been set aside for energy- and transportation- related 
spending. Amounts are in thousands. 


AREA OF INVESTMENT 


Energy effidency and coniervation 


Improving die grid 

niW908 

Energy research 


Clean energy generation 


Jobs training 

<- imm 

Vehicle spending 

. . $^090! 

Transportation spending 


Oimate science research 

ismm 

Tax eedits for renewable energy 

'u 

and energy efficiency 


Taxaedits for alternative fod pun^ 

- 

Investment credits in energy generation 


and energy efficiency technologies 

$1,600/009 

Total 

$M,7«2.000 


SOURCE: Pew Center on Global Clirrwte Change, fey Provisions; 

Amerkan Recovery and Reinvestment Act, March 2009 (updated Apr# 16^ 2009^ 
http.Z/www.pewcIi rTwte.org/docUpteads/Pew-Sumrnary- AfBA-fe^Provistonspdf 
(accessed April 28, 2009). 


nation’s electricity grid, $2 billion for 
advanced battery-' technology, more than $6 
billion for state and local efforLs to achieve 
energy efficiency, $5 billion for weaiherization 
of low-income homes. $500 million for job 
training to help workers participate in the 
clean energy-’ economy, and $300 million to 
purchase themsands of new, fuet-efficieni; 
vehicles for t.he federal fleet from American 
auto companies (Exhibit 17j. 

Measuring Policy Effectiveness 

How effective has each of these policy 
approaches been in generating jobs, 
businesses and investntents in the cjetin 
energy economy? Given that most of the 
policy actions we examined were instituted 
in the last three years, there was not sufficient 
lime between then and 2007, the year of 
the latest available jobs data, to analyze to 
what degree each has driven the clean energy 
economy to date. But our data do suggest a 
relationship. For instance, of the 18 slates 
thiU have both renewable portfolio and energy 
efficiency standards in place, 11 stales (61 
percent) had more jobs in the clean energy 
economy than the national average. Similarly, 
in 12 of those 18 states, clean energy jobs 
made up a larger share of all jobs when 
compared to the U..$. average. Additionally, a 
number of venture capitalists, business leaders 
and policy makers we interviewed (see, e.g., 
profiles in this report of clean energy company 
Gamesa, venture capitalist Will Coleman 
and Texas State Representative Warren 
Chisum) cited state policies such as renewable 
portfolio standards as irnpottani factors in 
driving investments, attracting companies and 
growing new indu,stries and jobs because they 
help create market demand for dean energy 
technologies, products and services. 
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Wiih significani slate and federal policy 
actions now in place or proposed — and our 
baseline count in hand — Pew will conduct 
follow-up research to assess how these 
measures are iiltely to aflect the growth ofU.S. 
jobs, businesses and investments in the clean 
energy economy moving forward. 

Need for Comprehensive, Economy-wide 
Clean Energy Plan 

Given Arncnca's need to create new and 
enduring jobs while conserving natural 
resources and reducing carbon emissions, 
federal leaders are deliberating additional 
measures to spur the clean energy economy. 

President Obama has signaled his support 
for a federal market-based system to reduce 
greenhouse ga.s emissions by at least 80 
percent by 2050; a national renewable 
portfolio standard that would require that 
25 percent of the nation's energy supply be 


derived from renewable sources by 2025; and 
an energ)? efficiency resource standard that 
would require saving 15 percent of electricity 
and 10 percent of natural gas by 2020 ’’ At 
this writing, the U.S. House of Representatives 
is considering the American Clean Energy 
and Security Act, a proposal that would 
limit overall greenhouse gas emissions and 
distribute tradable federal allowances for 
each ion of pollution emitted. The market- 
based program would apply to electric 
utilities, oil companies and otlier entities that 
produce more than 25.000 tons of carbon 
dioxide each year. The number of allowances 
would diminish over time, and the legislation 
would set a goal to reduce emission.^ to 83 
percent below 2005 lev’^els by 2050.‘^^ Tire 
bill would increase significantly the amount 
of energy derived from low- or zero-carbon 
sources, including renewables — meaning 
that businesses and jobs would be generated 
to develop clean energy sources to meet 
the demand. 
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Conclusion 


Pew’s first-of-its-kind analysis shows that the 
clean energy economy, still in its infancy', is 
emerging as a vita! component of America's 
economic landscape. Across the country, 
jobs and businesses in the clean energy 
economy are being driven by consumer 
demand, venture capital infusions by private- 
sector investors eager to capitalize on new 
market opportunities, and policy reforms 
by federal and state lawmakers who want to 
spur economic growth while sustaining the 
en^dronment. 

Today, every’ state has a piece of the clean 
energy economy. But there will be winners 
and losers going forward. Policy makers 
who act quickly and effectively could see 
their states flourish, while others may lose 
opportunities for new jobs, businesses and 
investments. State leaders recognize this, and 
a growing number are pursuing measures 


such as financial incentives for clean energy' 
generation and energy efficiency, renewable 
energy and energy efficiency standards, and 
laws to reduce vehicle emissions. 

Through ARRA, the federal government has 
made an extraordinary investment that will 
give these and other efforts a significant boost. 
But to realize the clean energy economy’s full 
potential, the nation needs a comprehensive, 
economy-wide energy plan. President Obama 
has expressed his support for a federal 
market-based system that would substantially 
reduce greenhouse gas emissions, and national 
standards chat would help America draw more 
of its energy' supply from clean, renewable 
sources and achieve greater energy efficiency. 
Those federal and state policies, together with 
continued private-sector support, will position 
the United States as a leader in the global 
clean energy economy. 
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Exhibit A1 . U.S, Clean Energy Economy Segments 

The clean energy economy has 1 6 segmems (highfightKl in green) that fell into five categcwies (highlighted in dark blue). 
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Methodology 

This report, counts jobs, companies, patents and venture capital investments that are pan of the 
clean energy economy across all 50 stales and the District of Columbia. We define the clean 
energy economy as one that generates jobs, businesses and inveslrnents while expanding clean 
energy production, increasing energy efficiency, reducing greenhouse gas emissions, waste anti 
pollution, and conserving water and other natural resources. 

Pew researchers partnered with Collaborative Economics (CEI), a public policy research firm that 
has produced the Cctli/oi nia Green .fntjovalion Index for the past two years. The Index comprises a 
series of reports that examine the intersection of economic growth and environmental policy in 
California; a central component of this work trades the growth of businesses, jobs, investments 
and patents that make up tlie state’s dean energy economy. The series is published by Next 1 0. 
a nonprofit research and advocacy group based in California. 

For this study. Pew and CEI applied CFiFs original methodology for assessing California to all 
50 states and the District of Columbia. 

Counting Jobs and Businesses 

There are no perfect data sets with which to count jobs or businesses in the clean energy 
economy, and accurately counting this emerging economic activity is difficult. The U.S. Bureau 
of Labor Statistic.s tBLS) and the U.S. Centius of Manufacturers are valuable resources for 
analyzing well-established industries, but these data do not classify jobs in the "clean energy 
economy” as a separate sector. As a result. Pew used micro-level establishment data to analyze 
the clean energy economy across the 50 states and the District of Columbia. For the purpose of 
this analysis, we count these businesses as those that produce or provide products and .services 
that leverage renewable energy' sources, conseive energy and natural resources, reduce pollutiori 
and recycle waste. 

Public data on industries and employment arc insufl'iciem for examining this growing area of 
economic activity. Existing industry classification codes provide no siraighilbrw.ard industrial 
classification of job.s and businesses in the clean energy economy. Therefore, building on prior 
research of the clean energy economy. Pew's researchers constructed a database, using muiiipie 
sources and leveraging advanced Imernei search technology. 

As a first .step in building the database, Pew’s researchers identified companies receiving venture 
capital based on information provided by two membership organizations — Cleantech Group, 
LLC, and .New Energy Finance— that track investment in the environment and clean energy 
technology. In addition, information about companies in the clean energy' economy was gathered 
from industry associations and green business directories, press coverttgc, published anidcs, 
and databases of government incentive programs for renewable energy. As part ol the process of 



identifying companies, we examined the Standard Industrial Classification (SIO codes associated 
with each of these companies and mined the National Establishment Time Series database for 
other business units that could also be classified as a company in the clean energ)' economy. 

National Eslabhshment Time Series (NETS) Database. As mentioned above, we ran our list of 
companies through the NETS database published by Walls & Associates. NETS is a time series 
database based on Dun <Si Bradstreet (D&B) data, which are intended to cover the universe 
of business establishments — serving as a Yellow Pages of sorts for all known U.S. businesses. 

Our team analyzed the broad range of companies in the clean energy economy, allowing out- 
researchers to identify similar and related companies that provide the clean energy economy’s 
supply chain (e.g,, manufacturers and suppliers of LED lighting), distribution networks (e.g., 
warehouses) and support acthnties (e.g., marketing professionals, lawyers) that deliver the 
products and senices that respond to consumer demand. We limited our analysis to a set of core 
companies and jobs in the clean energ>’ economy because it is difficult to separate the limited 
number of these jobs that reside in traditional companies (e.g., technicians working in utility 
companies to install energy monitoring de^^ces in homes; a sustainability officer in Google, Inc., 
or another company whose job it is to help "green” the company's office space and operations). 
Because our analysis focu.sed on identifying businesses in the clean energy economy and the. jobs 
associated with these specific hrms. Pew’s count of these jobs is conserv’ative. 

Pew’s research partner, CEl, developed the database, and the resulting busines,5 units fell into 
diree categories: 1) businesses that fall into SIC codes that are completely pari of the clean 
energy economy (e.g,, energ)' conser\'aiion equipment); 2) businesses that fall into SIC codes 
that are partially green (e.g., plumbing contractors, electricians); and 3) businesses that are active 
in some area of the clean energy economy but have an SIC code that primarily represents a much 
broader scope of activities than clean energy (e.g., commercial nonphysical research). 

The process resulted in two sets of eight-digit SIC codes: 1) SIC codes that were fully part of 
the clean energy economy (Exhibit B-1), and 2) SIC codes where a portion of the business units 
in that code were part of the clean energy economy. This second set of SIC codes required the 
additional process of identifying the companies in the clean energy economy through an Internet 
search platform using sets of keyword searches (see section on Ql-2 Search Platform below). The 
SIC code.s for businesses units that are completely pan of the clean energy economy make up 
about 60 percent of all companies and jobs in this emerging sector. 

Pew relied on NETS to track trends in business growth from 1908 to 2007 across all 30 staie.s 
and the District of Columbia. NETS includes an eight-digit SIC code, which was developed 
from the four-digit SIC code supported by the U.S. government prior to the six-digit North 
American Industry Classification System (NAICS) — the current coding system used by the U.S, 
government and BLS. The eight-digit SIC code allows far greater detail than NAICS to classify 
businesses and count the jobs associated with those companies.-^'’ 

Pew re.searchers chose to use NETS based on its strengths relative to other datasets — providing 
the most detailed and comprehensive set of business unit information necessaiy for identifying 
business activities in the clean energy economy. D&tB has established a sophisticated quality 
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E.<H;Bii B . f sBjo'i^iiinents in the U.S. Clean Energy tcor.cviiv 
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conirol sysiem and engages in extensive quality and consistent^ checks. Access to alternative 
data sources coliecied by federal and state government agencies that can be used to study some 
features of businesses and employment dynamics, such as BLS or the U.S. Census, is highly 
restricted because of confidentiality and requires a long and complex application and approval 
process. In contrast, NETS data are accessible and no confidentiality restrictions are imposed on 
users. And unlike public industry data, NETS covers companies with and without employees. 
NETS has been criticized in earlier research for both overstating iota! employraeni and for 
undercouniing new businesses.^' Its higher jobs numbers result from its better coverage of 
small businesses and the inclusion of small business owmers in the count of employees; in fact, 
the NET.S numbers are highly correlated with alternative data sources including the Quarterly 
Census of Employment and Wages, the Current Employment SlatisUcs and the Size of Business 
data.'^^ In other words, the NETS numbers describe the same trends as other data sources. And 
while NETS is sometimes slow to detect new businesses, it revises the establishment and jobs 
numbers in subsequent years’ data, which corrects any previous undercount of new businesses. 

QfJ Search Platform. To cariy- out a comprehensive Internet search of businesses in the clean 
energy economy across the 50 states, CEI designed the parameters of an Internet search 
infrastructure developed by QL2, a Seattle-based software engineering firm. The Internet 
search platform, created from a detailed set of search criteria and filters, allowed Pew to more 
comprehensively mine the Internet-based sources, link the results to NETS and veri fy the 
information collected. We used the QL2 platform to conduct an Internet search for company 
Web sites and to verify that these businesses were engaged in the clean energy economy, based 
on our definition. If a company did nor have a Web site, it was not included in our final count 
of jobs and businesses because we were unable to systematically verify its clean energy economic 
activities.^’''' 

After the NETS and QL2 processes were complete, a team of analysts manually double checked 
the validity of the 50-state data. 

Categories of Clean Energy Economy Jobs and Businesses. As part of the Internet and NETS-mining 
proces.ses using the QL2 platform, business establishments were grouped in, 16 segmentsd^’^^ 
energy generation; energy infrastructure; cnergv^ storage; energy efficiency; air and environment; 
recyc.[ing and waste; water and wastewater; agriculture; research and advocacy; business services; 
.iinance and investment; advanced materials; energy production; clean building; transportation; 
and manufacturing and industrial. 

We then convened these 16 segments into five thematic categories for capturing and 
organizing clean energy economy businesses and Jobs; (1) Clean Energy; (2) Energy Efficiency; 
(.3) Environrnenially Friendly Production; (4) Consen-aiion and Pollution Mitigation; and 
(.5) Training and Support. 

While specific jobs and businesses will change — for example, a company that supplies hybrid 
diesel engines for buses may supply a fundamentally different type of engine, a decade from 
now — these five sectors of the clean energy' economy should remain tionstani. 
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Tracking Investments and Patent Registrations 

Venture capital investments and patent registrations reveal where innovation in the clean energy 
economy is taking place and where regional specializations are emerging. Venture capital 
investment data were provided by the Cleantech Group™, LLC, and tracked investments by 
industry segmenid''’ Working with .1790 Analytics, a research firm that, specializes in inielleciuai 
properly evaluation. Pew's researchers developed search criteria for tracking patent registrations 
in clean technology over time. 1790 Analytics processes U.S. Patent and Trade. Office (USPTO) 
data on a weekly basis. Using terms related to clean technologies, 1790 Analytics provided the 
data for new patetic registrations related to solar energy, wind energy, batteries, fuel cells and 
hybrid systems. Both patent and venture capital data were collected from 1999 to 2008. 

State Policies 

Both the report and our suppleraent.al fact sheets for each of the 50 stales and the District of 
Ciolumbia highlight the strengths of each states clean energ)" economy — -jobs, companie.s and 
investments. Pew’s researchers also examined the public policies likely to drive future clean 
energy economy grownh in each slate. Wo looked at states’ provision of financial incentives, 
participation in regional initiatives, implementation of renewable portfolio siandards and energy 
efficiency resource standarcls, and adoption of California's vehicle emissions standards. 

Few's researchers obtained information about state renewable energy and energy efficiency 
financial incentives such as ta.'; credits and deductions, bonds, grants, loans and rebate programs 
from the Database of State Incentives for Renewables and Efficiency, a project sponsored by the 
North Carolina Solar Center and the Interstate Renewable Energy Council and funded by the 
U.S, Department of Ent'rg)'.““ 

Pew’s researchers tracked state piarlicipalion in the three active regional initiatives— 

(1) Regional Greenhouse Gas Initiative (RGGI); (2) Midwestern Greenhouse Gas Reduction 
Accord (MGGRA); and (.3) Western Climate Initiative (WCO — by consulting the Pew Center 
on Global Climate Change’s Web site (hilp://w'w\v. pewdimate.org/what_.s_being_done/ in„the_ 
stales/regionaLinitiaiives.cfm). Researchers then confirmed each state’s participation 
by reviewing state governors’ press releases from each initiative's Web site: 

(1) RGGI - htip://www, rggi.org; (2) MGGRA - hup://wvvw,midwcsiemaccord.org/; and 
O) WCI - http://www'.westernclimaiciniiiative,org/. We also noted which states had signed 
on as ■’observers" to the regional initiaiives. 

To draw ailention to stales that had mandatory renewable portfolio standards (RPS) in place, 
we consulted the Pew Center on Global Climate Change’s Web site (htip;/Avww.pe\vciimaic.org/ 
vvhat_s_being_done/in_thc_.siates/rp 5 ,cfm). We verified the 

states’ RPS policies u.sing ihe U.S. Environmental Protection Agency’s (EPA) Web site {luip:// 

WWW epa.g 0 v/solar/energy-programs/ 51 ale-and-local/supply_actions.h 1 mI#rp 3 ), The EPA crccliLS 

34 states with EPS policies, including slates with voluntary siandards or RPS goals; Pew’s analysi.s 
does not count ihose laiier stales. To identify stales that have or are considering adopling energy 
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efficiency resource standards, we consulted a March 2009 report by the American Council 
for an Energy-Efficient Economy (http-y/aceee.org/'pubs/e091.pdn’CFID=3657226&CFTO 

KEN=86.100U8C 

Other Studies 

Several organizations recently have published reports about the growth in “green jobs" and the 
“green economy." Among them (in order of publication date); 

® Center for viVmerican Progress and the Political Economic Research Institute at the 

University of Massachusetts Amherst (CAP/PERI), Job Opportunities for the Green bfeonomy,- 
A Staie-hy-Statc Picture of Occupations that Gain from Green Investments (June 2008). 

® Center for American Progress and the Political Economic Research Institute a! tbe 
Universily of Massachusetts Amherst (CAP/PERI), Green Recovay: A Program to Create 
Good Jobs and Start Bui'Wmg a Low-Carbon Economy (September 2008). 

® U.S. Conference of Mayoi's and Global Insight, Current and Potential Green Jobs in the 
U.5. Economy (October 2008). 

^ Gaiy Gereffi, Kristen Dubay and Marc)' Lowe, Manufacturing Climate Solutions: 
Carbon-Reducing Technologies and U.S. Jobs, Center on Globalization, Governance & 
Competitiveness, Duke University (November 2008). 

Three principal differences distinguish Pew’s report from these and other, similar efforts. First, 
previous efforts looked only at jobs and cither provided numbers for a specific industry, such as 
solar, or estimates generated by statistical modeling; our report analyzes Jobs at the business-unit 
level, businesses, venture capital investments and patent registrations over time. By examining 
different aspects of the clean energ)^ economy — not just jobs — Pew highlights investments being 
made today that will drive growth in the future. Second, using jobs numbers based on NETS 
data and a sophisticated software platform that enabled Pew to search and verify the activities 
of firms, we count actual jobs and businesses in the clean energy economy, rather than relying 
on estimates, The businesses included in the database are based on evidence of actual busine.ss 
activities. Finally, previous efforts focused on energy generation and efficiency; we also counted 
jobs and businesses that enable the United States to manage water and other finite natural 
resources more effectively, to mitigate emissions of greenhouse gases and other pollutants that 
result from the continued use of fossil fuels, and to recycle materials and resources to help 
businesses reduce their carbon footprint. 
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Exhibit Cl . Businesses in the U.S. Clean Energy Economy, 1 998-2007 


; Alabama 


1?y9 

768 1 

789 i 

I^BH 

819 i 

SIS i 

806 1 

7S2 i 

2 m 

■BEB 

2K? 

> Aiasfea 

327 

331 

333 : 

345 1 

'.-.■367:1 . 

: 367 i 

" 360 ; 

359 ! 

350 ! 

350 ' 

Arizona 

1.009 : 

1,027 : 

1,039 , 

1047 : 

1093 i 

1099 ; 

1.0S8 : 

1.122 i 

1,139 ' 

1.123 ; 

Arkansas 

i, 434 1 

424 ! 

416 i 

420 t 

440 I 

■-'..-435 1 

" ,444 i. 

440 i 

445 ! 

448 ; 

: California 

: 8.906 : 

8.971 i 

8,899 i 

934a 1 

9048 I 

10066 1 

10,213 i 

10.195 1 

10,348 ; 

10.209 i 

: Colorado 

' , ,1,463-', 

T668 

1,505 ' 

1364[x 

1076 1 

1,706 

•■1099 1.- 

• '. 1,682 i 

1,760 j 

1.778: 

: Connecticut 

799 : 

804 r 

780 ; 

806 : 

801 i 

818 

825 : 

829 ; 

864 : 

857 i 

i Delaware, 

204 

205 i 

207 : 

2131- 

2Xi] 

•• 213 1 • 

- 207 E 

20s 

213 'i 

211 

! District ofColumbia 

i 243 i 

244 : 

253 i 

263 : 

280 : 

274 ; 

286 : 

291 i 

295 T 

280 : 

1 Honda 

! - 

3.T31 

3,121 i 

3314:.i. 

. '...3382;! ..; 

. '3043 1 

- 3063 ! 

. -3,664 i 

3801 I 

3 831 

: Georgia 

3 ‘ 

1.533 • 

1.536 1 

1376 : 

1090 1 

1,702 ! 

1.6SS : 

1079 I 

1,824 ; 

1027 : 

1 Hawaii 

i ' ■ ■ , 288 ^ . 

294 j 

291 • 

309 1 

328 

333 ' 

• 334 E 

•333!. 

3SS i 

' , 356 i 

- Idaho 

36S ) 

376 • 

387 1 

410 i 

436 ! 

434 i 

436 ! 

437 ; 

434 : 

428 ; 

■ Illinois 

2 in i’ 

2.043 i 

20(» ! 

2038 1 

2,125 i 

2,133 i 

• 2.134 i 

•2,1311 

2170 

2,176 : 

: Indiana 

; 1,135 ! 

1,107 

1.101 . 

1 tea > 

1326 1 

1,231 i 

1.225 ; 

1,214 ' 

1.2S9 I 

1.268 ’ 

; Iowa 

I" ■ 637 j 

634 i 

641 i 

670 1 730 * ' 

716 1 

-. 708!' 

699 • 

-. -736 i' 

729 i 

: Kansas 

i 570 ; 

563 . 

570 1 

577 1 

588 ; 

595 ; 

581 : 

564 : 

596 : 

S9t : 

; ifentocky. 

j ' , ■ 697 |, 

- 679.; 

675 1 

701 ‘ 722 i 724 

-. 7181 

• . 722 1 

.. 750’ 

• ■ • 778 i 

Louisiana 

' 949 i 

947 : 

933 i 

949 ’ 

1.007 : 

993 

1.003 : 

975 ; 

994 : 

995 1 

: Maine 

i 691 { 

710 ‘ 

703 

703 1 

721 j 

733 ' 

728] 

736 : 

. 743 i 

725! 

Maryland 

1.044 : 

1,042 : 

1028 

1.040 1 

1,134 i 

1.104 i 

1,122 i 

1,134 i 

1.162 : 

1.145 I 

i Massachusetts 

1 ,t.819 1 

1,773 : 

1,753 : 

'•”tl 

1036 • 

1052 : 

1042 i 

1,903-1 ' 

1,921. [ 

• l,912,j 

: Michigan 

1.858 ' 

1608 r 

1.788 

1011 i 

1,906 ! 

1090 ^ 

1.882 : 

1,397 ! 

1,952 ; 

1,932 ! 

: Minnesota 

1 1,120 ! 

1,106 ? 

1,116 i 

1.107 i 

1,189 ; 

1,235 ■ 

1.247 - 

1.205 1 

.1,208 ' . 

1,206 ( 

. Mississippi 

; 387 ; 

387 ; 

394 i 

395 

434 ! 

439 

437 : 

449 ! 

447 : 

454 

( Missouri 

i 1.026 1 

1020 ; 

967 : 

986 1 

1.036 : 

1023 < 

1,022 : 

1.028 : 

1057 i 

1062 i 

; Montana 

! 311 i 

316 : 

328 ^ 

355 

365 ^ 

380 

382 : 

405 ; 

409 • 

408 : 

' Nebraska 

1 . 312 ; 

312 ! 

: 317) 

■„,[ 

332 ! 

359 ; 

- 348! 

353 i 

■■ ......359.1 ■• 

■'...■.■368 1 

> Nevada 

34S > 

347 ; 

350 i 

384 : 

465 

480 

489 ■ 

502 i 

521 ; 

511 ! 

j New Harr^shire | 4U < 

418 

414 ! 

416 1 

456 j 

470 : 

470 ^ 

4S3 1 

4621 

«?i 

' New Jersey i 

2,1S7 ; 

2.127 : 

2078 i 

2,093 ; 

2.164 : 

2.121 : 

2,083 

2045 ! 

2026 j 

2.031 < 

[ New Mexico 

1 SO2I 

ns| 

515 1 

544 1 

5S,! 

557 • 

559 i 

570 

581 t 

"C 

; NewYoik j 

3,258 i 

3,195 : 

3,150 ! 

3,186 i 

3,473 ; 

3,481 : 

3,440 ■ 

3,320 1 

3,304 ! 

3,323 j 

1 North Carolina - . - j 

1,449 i 

M93 ' 

7 1018 i 

1363 ! 

1,652 j 

1041 j 

1065 ! 

1,705 ’ 

1.794 , 

■■■.1-,783:'| 

: North Dakota 

124 i 

122 ; 

123' 

132 

142 ' 

144 ! 

148 : 

141 > 

142 ‘ 

137 t 

; Ohio ' ! 

2,388.' 

2.342 \ 

2.344 i 

2014 : 

2303 i 

2012 ’ 

2.469 : 

2476 ; 

2314 I 

2,513 -i 

Oklahoma 

726 : 

724 : 

703 

694 I 

724 

712 ! 

726 : 

715 i 

712 : 

693 1 

1 Oregon.. ^ 

1,323 . 

1.356 ! 

1383 

1.410 ! 

1308 i 

1031 J 

1,553 1 

'1369 i ■■■ 

■ : 1008"!' 

1,613 1 

- Pennsylvania j 

2693 : 

2,893 ! 

2079 j 

2.890 : 

3.223 ■ 

3.222 ' 

3,135 : 

2,929 i 

2.939 ' 

2,934 : 

1 Rhode Island ' 

234 ; 

234 i- 

232 ; 

•: 242 i 

252 i 


250 i 

249 t 

243 S 

■ 237 'i 

: South Carolina 

775 ' 

789 ; 

785 !• 

606 - 

849 

870 ' 

874 

872 : 

889 ; 

884 

i South Dakota ] 

122' 

. 121 ; 

129 i 

131 ' 

■. ■ ■ ' 144 ; 

148 ! 

155 ! - 

157 ! 

164 1 

169 ; 

^ Tennessee 

955 ; 

970 i 

974 : 

1001 i 

1034 ; 

1026 ; 

1,039 : 

1,062 i 

1.080 i 

1,090 : 

! Texas - ■ 

•4^47 i . 

• 4309.!- . 

4,3461 

4073,1 

4001 ! 

4002! 

4006: 

4,773 i 

4,819, s 

4002 

: Utah ' 

473 i 

,78 

48S 1 

509 : 

587 

588 1 

589 : 

562 i 

575 1 

579 ! 

1, Vermont ! 

■ ■ ■ 279 ! 

. 286 ; 

281 

295 ) 

319 

319 i 

319 

319 i 

, 317 1 

311 ! 

■ Virginia 

1,237 ; 

1,251 i 

1,263 ; 

1323 ! 

1013 i 

1,436 ; 

1,457 } 

1.451 i 

1,472 ! 

1,446 i 

1 Washington i 

.1,920 ! 

2032 f 

1,^ i 

2029 i 

it02i 

2,082 i 

2062 

20.12 ! 

2022 i 

2,008.; 

West Virginia 

348 : 

338 ^ 

341 i 

350 i 

371 ; 

360 ; 

352 i 

327 ! 

325 1 

332 i 

; Wisconsin : 

1.249 1 

1,245 1 

U2S: 

1348|.t 

1391 1 

U72 1 

1091 

1:299 1 

U97 ! 

U94"! 

; Wyoming 

197 • 

212 - 

212 ; 

228 ' 

251 i 

240 

237 : 

234 ; 

234 : 

225 : 

: U5- Total i 

61,689 I 

61.826 [ 

6I399 I 

63,140 [ 

67.212 f 

67,582; 

67,596 

67,175 5 

68,435 i 

68,203 i 


SOURCE- Pew Charitable Trusts 2009 based on the National Establishment Time Senes DMala*e:aTi»ly«t by tewCetilef on the Statesand Collabotatwe Economics, 



1011 



hxhibit D1. Jobs in the U.S.Xlean Energy Economy, 1998-2007 
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Nuclear Energy in the 
United States 


In 2007, there were 574 nuclear energ>“' 
establishments in the United States accounting 
for a total of 80,242 jobs, including jobs 
in power generation, plant, and equipment 
production, public administration and nuclear 
consulting. 

During the past 10 years, the nuclear energy 
industry has lost jobs at an average annual rate 
of 0.9 percent. In 2007 jobs in the nuclear 
energy industiy reached a 10-year low after 
peaking in 1999 with just more than 92.000 
total nuclear energ)- jobs. 

These jobs and establishments are located 
in 46 states and the District of Columbia. 
Alaska, Hawaii. Montana and North Dakota 
had no jobs in the nuclear energy industry as 
of 2007. Delaware. Indiana, Kentucky, 

Maine, Oklahoma. Rhode Island. South 
Dakota, Utah and West Virginia all liad fewer 
than 1 00 nuclear energy jobs as of 2007 . 

A majority of the jobs in nuclear energy are 
concentrated in a small number of .states, 
California, Illinois, New York, North Carolina, 
Maryland. Ma.s,sachuselts, Pennsylvania, South 
Carolina, Texas and Virginia are the 10 states 
with the most Jobs in nuclear energ>^ 


1 1 S M ( 1 1 \li i M 

2t\\ 

1 ! 

87,162 

80,242 






. si w w m -m ■« 

M YB D6 ^ 


SOUnCC: P»wCh9ritibleTrust>,2009,bas«donlheN8t>enalEstibllihnentTitneSeries 
Oaiabaw; anslyils by Pew Center on the States arid Cellaboratlve Economici. 


U.S Ni:Ctl;.AR 
ENERGY JOBS 


States with the Most Nuciear 
Energy iobs, 2007 


lliinois 7,605 

NewYork 6.223 

Te« ■ 3 

Califotnia _ 4,608 

North Carolina 4,234 

Vi^ia 4,197 

Mai^ami 4,0 

f^nsyivatjia 4,025 

South Carolina 3,749 

Massachusetts 3,443 


SOURCE; Pew Charitable Trusts. 2009, 
based on the National Establishment Time 
Series Database; analysis by Pew Center 
on the States and Collaborative 
Economics 
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Senator Boxer. And what kind of power is it? 

Mr. Sims. That it is a rural electric cooperative. 

Senator Boxer. Coal? 

Mr. Sims. Mostly coal, as is most of Utah. 

Senator Boxer. If I could just suggest to you, just in the most 
humble and respectful way to you? 

Mr. Sims. Sure. 

Senator Boxer. That I really, when I look at a study that is done 
by someone that has a special interest, I think you have to weigh 
that. 

Mr. Sims. Have your staff look at it. I think you will find it 

is 

Senator Boxer. So, therefore, I am just telling you because I do 
not want you to be misled. 

Mr. Sims. I understand. 

Senator Boxer. When I see studies that are done by special in- 
terests about jobs, and it serves their purpose, it does not have as 
much weight with me as independent studies. And I just wanted 
you to know that. 

Mr. Sims. By other special interests, right? 

Senator Boxer. Well, I do not think that U.C. Berkeley and the 
University of Illinois is a special interest, OK? But we could argue 
that. You worked for Senator Kasten, and I am sure you made 
those distinctions in those days. 

I want to say to all of you how much I appreciate your time, your 
effort, your intelligence, how articulate you are. I am proud to have 
all of you here. It has been a fantastic day. This was kind of like 
the marathon. 

And the last thing I am going to do is put in the record a letter 
which I am very excited about from the Metropolitan Water Dis- 
trict of Southern California, written to Senators Kerry and myself. 
As the largest provider of drinking water in the United States, we 
greatly appreciate your efforts and it is a very, very supportive let- 
ter of our bill. 

So, this has been really good. And if you have not had enough 
of this, come back tomorrow, because we are going to have another 
four panels starting at 9:30 a.m. 

Thank you. 

We stand adjourned. 

[Whereupon, at 5:33 p.m. the committee was adjourned, to recon- 
vene at 9:30 a.m. the following day.] 

[An additional witness statement submitted for the record fol- 
lows:] 
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Chairman Boxer, Senator Inhofe, Members of the Committee: 

Thank you for inviting me to testify today on this important topic. Along with these remarks, I 
have submitted, for the record, two policy studies pertinent to today's topic. One, published in 
2007, compares cap-and-trade with a revenue neutral carbon tax, and points out the many 
problems inherent in cap and trade. That study is "Climate Change: Caps vs. Taxes.” The second 
study I'm submitting for the record is entitled “Climate Change: The Resilience Option,” and is 
my most recent publication. My testimony here today represents my personal views, and should 
not be construed as the official position of the American Enterprise Institute, or any other 
persons or organizations. 

Before I begin my remarks, I always like to list my three B's, my background, biases, and 
beliefs. 

As to background, I am a biologist and environmental scientist by training, an economist by 
exposure, and a policy analyst by vocation: I've spent the last 1 5 years analyzing environmental 
policy in think tanks in the U.S. and Canada. 

My biases are for solving environmental problems, whenever possible, with instruments that 
maximize freedom, opportunity, enterprise, and personal responsibility. Thus, I strongly favor 
true market-based remedies for environmental problems over command-and-control regulation. 

(I will observe here that cap-and-trade legislation is not truly market-based, as government sets a 
limit on emissions, rather than allowing a market to determine that level. Cap-and-trade, no 
matter how cleverly hidden behind misleading terminology, as it is in S. 1733, is more akin to 
rationing than it is to markets. We have written, elsewhere, about cap-and-trade's failings when 
it comes to greenhouse gas controls.) 

Finally, my beliefs are based on reading the scientific literature as well as the IPCC climate 
science reports, and 1 believe that while greenhouse gases do retain heat in the atmosphere 
(making Earth habitable), the heat-retention capability of additional anthropogenic greenhouse 
gases is modest, I do not believe in predictive climate models, or most other forms of forecasting 
other than simple extrapolation for very modest periods of time. 
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That being said, I do believe that climate science has taught us something important that merits 
action. We have learned the Earth's climate is not the slow-moving system we thought it was. 
Rather, the climate is prone to sharp shifts into cooler and warmer conditions that can depart 
significantly from "average" temperatures for decades at a time. Acting to enhance climate 
resilience is an important task. 

So, to the issue at hand: how can we best build U.S. resilience to global warming impacts? 

First, 1 believe that we should shift our focus from mitigation of greenhouse gas emissions 
toward an adaptation agenda. We do not, at present, have the technologies needed to 
significantly curb greenhouse gas emissions without causing massive economic disraption, and 
without preventing the developing countries from developing, and lifting their billions of people 
out of squalor and poverty. The money and attention that we are spending on mitigation efforts is 
largely wasted - even if we shut the U.S. and the EU off completely, the trajectory of emissions 
from China and India will negate the environmental benefit of our self-sacrifice completely in 
only a few years. All that jacking up energy costs will do is deprive of us economic productivity 
which is the ultimate wellspring of our resilience and well-being. 

Second, 1 believe that we should stop making things worse. That is, we should remove the 
misguided incentives that lead people to live in climatically fragile areas such as the water’s 
edge, drought-prone locations, flood-prone locations, and so on. 

At present, our federal and state governments exacerbate this risk-taking by acting as the insurer 
of last resort. When people who live at water’s edge or in a flood plain are hit by storms or 
floods, governments intervene not only to rescue them and their property if possible, but then to 
provide rebuilding funds to let the people build right back where they are at risk. We are 
currently doing this in New Orleans, where people are re-building in an area that is still at risk 
from storm surges and levee failure. Undoubtedly, we'll do this in California, putting people 
right back into fire-prone areas they were burned out of last year. 

As Charles Perrow observes in his book Our Next Catastrophe'. "State-mandated pools have 
been established to serve as a market of last resort for those unable to get insurance, but the 
premiums are low and thus these have the perverse effect of subsidizing those who choose to live 
in risky areas and imposing excess costs on people living elsewhere. In addition, the private 
insurers are liable for the net losses of these pools, on a market-share basis. The more insurance 
they sell, the larger their liability for the uninsured. Naturally, they are inclined to stop writing 
policies where there may be catastrophic losses. The Florida and California coastlines are very 
desirable places to live and their populations have grown rapidly, but these handsome lifestyles 
are subsidized by residents living in the less desirable inland areas in the state, and, to some 
limited extent, by everyone in the nation." 

Programs that subsidize climatic risk-taking should be phased out as quickly as possible, in favor 
of fully-priced insurance regimes. Rebuilding after disasters in climatically fragile areas should 
be discouraged. Eliminating risk subsidies would show people some of the true cost of living in 
climatically risky areas, and would, over time, lead them to move to climatically safer places 
where they can afford to insure their property and safety. 
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Third, we must look to our infi-astiTicture. Another government action that leads people to live in 
hami’s way is the failure to build and price infrastructure so that it is both sustainable, and 
resilient to change. Governments build highways, but genei’ally without a pricing mechanism. 
Thus, no revenue stream is created to allow, for example, for the highway to be elevated if local 
flooding becomes a problem. There is also no priee signal relayed to the users of the highway 
that reflects the climatic risk that their transportation system faces. The same is true of fresh- 
water infrastructure, wastewater infrastructure, electricity, and other infrastructure. Politicians 
love cutting ribbons on new “fi'ee" infrastructure. They’re less prone toward having the cost of 
that infrastructure show up in terms of tolls or user fees. 

Establishing market pricing of infrastructure would quickly steer people away from climatically 
fragile areas, dramatically reducing the costs of dealing with climate variability. 

For example, let’s consider our electricity supply. As long as governments distort the prices 
consumers pay for energy with subsidies, fuel mandates, renewable power mandates, and the 
like, electricity markets cannot effectively adapt to changing climatic conditions. If electricity 
markets were fully deregulated, and if full costs were passed onto consumers, price signals 
would be created for the electricity provider in terms of expanding or decreasing capacity and for 
the consumer in terms of the real cost of living in an environment subject to energy-consuming 
heat waves (or cold snaps). Privatization would create incentives for electricity conservation and 
for the acquisition of energy-efficient appliances and devices without any need for specific 
governmental efficiency standards. Further, electric companies would be driven to connect with 
one another to ensure reliability to their customers rather than doing the minimum possible to 
satisfy regulators. 

And consider our water supply. Full pricing of water and full privatization of the water supply, 
drinking water plants, and wastewater treatment plants would ameliorate many climatic risks 
incrementally over time, including flooding, seawater intrusion, and coastal and river pollution 
from storm runoff. Charging the full price for water, from supply to disposal, would create a 
price signal for consumers regarding the real risks they face living in hydrologically sensitive 
areas and create incentives for conservation while producing a revenue stream to allow for 
expanded capability or the securing of alternative supplies. At some point, again, high prices 
could simply lead people to move away from areas that are hydrologically costly, such as cities 
dependent on a single winter snow pack that shrinks or a single major river that suffers reduced 
flow. 

Finally, 1 would suggest that we trust in resilience, but tie up our camel. In the event that climate 
change does tend toward higher estimates put forward by the United Nations and other groups, it 
is reasonable to consider insurance options that might help deal with such climate changes. Such 
options might include government investment in geoengineering research, inve.stment in research 
and development to advance technologies allowing the removal of greenhouse gases from the 
atmosphere 

Climate variability, whether natural or man-made, does pose significant challenges to the health 
of our population, the maintenance of our infrastructure, and to our economic growth. Taking 
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steps to make our society resilient in the face of climate variability is an important endeavor, and 
I applaud your hearing on the matter today. 

Thank you for allowing me to speak to you today on this timely and important issue. 
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Climate Change: Caps vs. Taxes 

By Kenneth P. Green, Steven F. Hayward, and Kevin A* Hassett 


As the Kyoto Protocol’s 2012 ex()iTatim ciote chnu's near, a genemt theme dominates the gh)fwi cont’matifm: 
Iciulevihip n?id porociptition fcpj' r/:e iJnitaf States ore critical to the success irf whatever dimace policy n?|fiine succeeds 
the Kyoto Pivtocol. Tico gmmd Ixdky approaches stand out m the current discussion. The first is mcional and 
interiiationcd ,^£cnhouse gas (GHG) emissions trading, <rften referred to as “cap-and-tTcuie." Cap-and-crode is the 
nuist popular idea at present, idth severni Mis drcidaiing in Congress to begin a cap-and'trade program of sojrie 
hind. The second idea !.s a program cf corixm-centered tax reform — far example, the imposition of an excise tax 
ixisedon the carbon emissions of energy .sources {.such as coal, M, and gasoline), offset by redtiClioJis in other 
taxes, in this paper u-e will address the strengths and weaknesses of both ideas and the frarneuork fry tchich 
iegislotoTS .siiouid evaluate them. 


Tire framing of a global climate regime presents a 
classic chicken-and-egg problem: the United 
StatCvS dews not wish to enter into a regime of 
economkatlv costly emission caps or raxes that 
wouki have the effcet of driving industry imd jobs 
to natioas aich as China and India that do not 
participate in such caps. China ami India, how- 
ever, are unlikely to enter into a restrictive regime 
unles-s the United States goes first, and evetr then, 
only .so long as the pirlicy regime does not 
threaten serious constriction of their economics. 

It is often assumed that if the United States goes 
first, developing nations will eventually follow, 
but this i.s by no means assured. Both China and 
India have repeatedly declared that they are not 
prepared to make even a delayed c«;anmitmeitt at 
this time. 

Given these policy uncertainties — tint! other 
uncertainties about the eventual impacts of cli- 
mate change in tenns of severity, distribution, and 
riming — there arc two guidcixxsts policyrivikers 

Kcnnetli P, Green is a residetu scholar. Steven F. 
Haywartl is the F. K, Weyerhaeu-ser Fellow, and Kevin 
A. Hassett is a senior fellow and director irf ecotvsmic 
txiiiey .studies at AEi. This EwiVoninentai Policy Outlook 
is available online at 'vw\v.aei.org{publication26286/. 


should keep in mind. The first is that the Uttited 
Slates can only effectively impose a national regu- 
latory regime (though .such a regime ctuiid eventti- 
ally he hannmiretl with international efforts). 

The second is that, given the current uncertainty, 
policy shotild conform as much as possible to a 
"no regrets" principle by which actions under' 
taken can be justified separately from their GHG 
emissions effects in the fiillness of rime, such that 
nonparticipation by developing nations will disad- 
vantage the United States in the global market- 
place as little as pcvs-siblc. 

While die United States may w'ish to join with 
other nations in setting a p«.>st-Kyoro emissions 
goal, it should be wary of joining an intematitmal 
emissions-trading or other r^ulatory regime. One 
\if the Icss-remarked-upon aspects of the Kyoto 
Protocol, and any prospective successor treaty on 
that same model, is that it represents an unprec- 
etlentcd kind of treaty obligatkin for the United 
Srates. Most treaties involve direct actions and 
policies of governments themselves, such as trade 
treaties that bind nations’ tariff levels and affect 
the {sivate sector of the econotny only indirectly. 
Kyoto and ie> kin go beyond government policy t<i 
affect the private sector directly or require the 
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government to control the private sector and the 
investment decisions of the private sector to an unprec- 
edented degree, it is not governments that emir GHGs, 
after a!!. Between the asymmetries of legal and regu- 
latory regimes across nations, the United States should 
think hard about the dilution of sovereignty that a 
binding GHG treaty represents, even if the United 
States agrees with the basic objective of reducing 
carbon emissions. 

Problems with Emissions Trading for GHG 

Some economists favor the idea of emissions trading for 
its elegance in achieving least-cost emissions reductions 
while avoiding the manifold difficulties of prescriptive 
“command-and-contn)!” regulation from a centralized 
bureaucracy. But this is something of a 
false choice, as such regulation is a deeply 
troubled policy option. While trading may 
be superior to command-and-control, it is 
not necessarily superior to other altema- 
Cives, such as carbon-centered tax reform. 

There are a number of emissions- 
tradlng success .stories that, upon inspec- 
tion, suggest significant limitations to 
the applicability of emissions trading for 
GHG emissions. Enthusiasts for cap-and- 
trade point first to our sulfur dioxide 
(SO^) trading experience under the 1990 Clean Air 
Act Amendments. It is claimed chat the costs of SO 2 
abatement thnxigh trading turned out to be dramatically 
lower chan economists had forecast for a prescriptive 
regime, wherein the Environmental Prorection Agency 
(EPA) would have numdated control technobgics on 
individual coal-fired power plants. But a closer Ux)k 
shows this success to have been uneven. There has been 
significant volatility in emission permit prices, ranging 
from a low of $66 per ton in 1997 to $860 per ton in 
2006, as the overall emissions cap has been tightened, 
with the price moving up and down as much as 43 per- 
cenr in a year.’ Over the last three years, SOi permit 
prices have risen 80 percent a year, despite the EPAs 
authority to auction additional permits as a “safety 
valve” to smooth out this severe price volatility. 

Several other aspects of the SO^-trading pmgram are 
of doubtful applicability to GHGs. First, SOi trading 
was only applied to a single sector: initially, only 1 10 
coal-fired power plants were included in the system, 
hut it subsequently expanded to 445 plants. Wltile 


coal-fired power plants account for roughly one third of 
U.S. carbon dioxide {CO 2 ) emissions and will therefore 
be central to a GHG cap-and-rrade program, a compre- 
hensive GHG emissions-trading program will have 
to apply across many sectors beyond electric utilities, 
vastly complicating a trading system. 

Second, SO 2 and CO 2 are not comparable targets 
for emi^ions reduction. Reducing SO 2 emissions did 
not require any constraint on end-use energy produc- 
tion or consumption. Coal-fired power plants had many 
low-cost options to reduce SO 2 emissions without 
reducing electricity production. Some switched to low- 
sulfur coal (abetted in large part by railroad deregula- 
tion in the 1980s, which made transport of Western 
low -sulfur coal more economical than previously). 

The cc^t of “scrubbers”— -industrial devices which cap- 
ture SO 2 and sequester it — turned out 
to he lower than predicted. Other utilities 
emphasized more use of natural gas. 

The impacr on ratepayers and consumers 
was modest. 

CO 2 is different; it is the product of 
complete fuel combustion. There Is no 
“I 0 W-CO 2 coal,” and the equivalent of 
SO 2 scrubbers does not yet exist in 
economical form.^ At the margin there 
is some opportunity for GHG emissions 
reductions through substitution — 
increa.sed u.se of natural gas (which emits less CO 2 per 
unit of energy than coiil) and possibly nuclear power — 
but the inesatpable fact is that any serious reduction in 
CO? emission-s will reejuire a suppression of fuel combus- 
tion. This is going to mean lower energy consumption 
and higher prices, at least in the intermediate tenn. 

Even though confined to a .segment of a single sector of 
energy use, the SO 2 emissions-trading regime was far from 
simple. There were a^mplicated allocation formulas to 
distribute the initial ernksioas permits. Despite the best 
efforts to create objective criteria, at the end of the day, 
the alkKatkm of emission permits involves some arbitrary 
discretion. For political reasons there were special subsi- 
dies and extra allowances for the benefit of high-sulhir 
coal interests. Mast trading in the early y-ears took place 
between power plants within the same company. 

Establishing allowances and accounting systems for 
GHG emissions across industries is going to be vastly 
more difficult and highly ptiliticized. The forest pixxi- 
ucts industry, for example, will reasonably want credits 
for creating carbon sinks in the trees it plants and 


While trading may be 
superior to command- 
and-control, it is not 
necessarily superior to 
other alternatives, 
such as carbon- 
centered tax reform. 
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harvests, but the manufacturing sector that uses these 
wix)d products as a raw materia! will want credit for 
sequestering carbcm. The difference will have to be split 
in some arbitrary manner that will surely introduce eco- 
nomic distortions in the marketplace. The auto industry 
will want credits for GHG innovations, while industries 
and businesses of all kinds will lobby for credits for 
reducing mobile source emissions from changes to their 
auto and truck fleets. There are going to be winners and 
losers in this allocation process. Multiply this problem 
across sectors and industries and it becomes evident that 
a GhlG emissionS'trading system is going to be highly 
complex and unwieldy, and too susceptible to rent- 
seeking influence in Washirrgton. The problem of politi- 
cally adjusting competing interests will be compounded 
on the international scale. The long-rurming diplomatic 
conflicts that can be i>bserved over purported subsidies 
for aircraft (i.e., Boeing versus Airbus) and the Eun^an 
Union’s agricultural subsidies and trade harriers are exam- 
ples of the kinds of a^nflicts that will be endemic to any 
international emissions-trading scheme. 

The favored solution to these prt^blems Is to over- 
allocate the number of initial permits both to ease the 
cost and to encourage the rapid start-up of a market for 
trades. This was the course the European Union tcx>k 
with Irs Emissions Trading System (ETS), and it has 
very neatly led to the collapse of the system. Because 
emissions permits were over-all(Kated, the price of 
emissions pennits plummeted, and little — if any — 
emissions reductions have taken place because of 
the ETS. The over-allocation of initial permits merely 
postpones both emissions cuts and the economic pain 
involved. Economist Robert]. Shapiro notes: 

As a result of all ^jf these factors and deficiencies, 
the ETS is failing to reduce European CO 2 einis- 
sions. . . . (T]he European Environmental Agency 
has projected that the EU is likely to achieve no 
more than one-quarter of its Kyoto-targeted reduc- 
tions by 2012, and much of those “reductions” 
will simply reflect credits purchaser! from Russia or 
non-Annex-l countries Ideveioping countries], with 
no net environmental benefits.^ 

As economist William Nordhaus observes: 

We have preliminary indictJtions that European 
trading prices for COj are highly volatile, fluctuat- 
ing in a hand and (changing! +/- 50 percent over 


the last year. More extensive evidence comes from 
the history of the U.S. sulfur-emissions tradirrg pro- 
gram. SO 2 trading prices have varied from a low 
of $70 per ton in 1 996 to $ 1 500 per ton in late 
2005. SO 2 allowances have a monthly volatility of 
10 percent and an annual volatility of 43 percent 
over the last decade.*^ 

Nordhaus points out the ramifications of such 
volatility, observing that “{sjuch rapid fluctuations 
would be extremely undesirable, particularly for an 
input (caiton) whose aggregate costs might be as great 
as petroleum in the coming decades,” and that “experi- 
ence sug^srs that a regime of strict quantity limits 
might become extremely unpopular with market partici- 
pants and economic policymakers if carbon price vari- 
ability caused significant changes in inflation rates, 
energy prices, and import and export values.”^ 

Nordhaus is not atone in this concern about price 
volatility. Shapiro similarly observes: 

Under a cap-and-trade program strict enough to 
affect climate change, this increased volatility in 
all energy prices will affect business investment 
and consumption, especially in major CO 2 
pixxlucing economies such as the United States, 
Germany, Britain, China and other major devel- 
oping countries.^ 

Additional pitfalls and dilemmas of emissions trading 
can be .seen through a review of the spectacular rradirtg 
failure of the RECLAIM (Regional Clean Air Incen- 
tives Market) emissions-trading program in Southern 
California. Launched in 1994 after three years of devel- 
opment, RECLAIM set in motion an emissions-trading 
program targeting SOi and nitrogen oxides (NO^) 
emissiorts, and eventually hoped to expand to include 
volatile organic compound (VOC) emissions. All three 
types t>f emissions are important precursors to ozone for- 
mation in the greater Los Angeles air basin. RECLAIM, 
for the first time, offered swjips between stationary and 
mobile sources: stationary stiurces such as oil refineries 
could help reach their emissions reduction targets by 
purchasing old, high-polluting automobiles and trucks 
and taking them off the road — a cost-effective measure 
in a voluntary demonstration program. The South 
Coa.st Air Quality Management District (SCAQMD) 
estimated that SO 2 and NO^ would be reduced by 
fourteen and eighty tons per day, respectively, by the 
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year 2003, at half the cost of the usual prescriptive 
method of regulation.^ There was great public support 
and enthusiasm for the program at the outset. 

RECLAIM never came cl«>e to operating as pre- 
dieted, and was substanrially abandoned in 2001 . 

Between 1994 and 1999, NO^, levels fell 
only 3 percent, compared to a 13 percent 
reduction in the five-year pcrkxl before 
RECLAIM. There was extreme price 
volatility aggravated by California's elec- 
tricity crisis of 2000. NO^ pennit prices 
ranged trom $ 1 ,000 to $4t000 per ton 
between 1994 and 1999, but soared to an 
average price of $45,(X)0 per ton in 2000, 
with some individual trades over $100,000 
per ton. Such high prices were not sus- 
tainable, and SCAQMD removed electric 
utilities from RECLAIM in 2001. 

SCAQMD also dropped its plan to 
expand RECLAIM to VClCs. Despite the 
hope that RECLAIM would be simple 
and tratLsparent, there were serious allegti- 
tions of fraud and market manipulation, 
followed by the inevitable lawsuits and 
criminal investigations. 

One particular pn.)blem with 
RECLAIM that is likely to plague any 
international GHO emisslons-trading 
regime is the lack of definite property 
rights to the emissions allownncc.s the pro- 
gram creates. A clichd of the moment is 
that industry would like some clarity and 

certainty about any prospective GHG - 

regulator^' regime. A cap-and-trade program, however, 
cannot provide certainty precisely hecaase emissions 
allowances are not accorded real property rights by law.^ 
The government can change the aiies at any time, 
making emi.s.sions allowances worthles.s. This is exactly 
what happened to electric utilities in Los Angeles: their 
allowances were tenninated, and the utilities were subse- 


lf warming is either less 
pronounced than some 
current forecasts 
predict or if emissions 
reductions have limited 
effect in moderating 
future temperature 
rise ... a severe global 
emissions-reduction 
policy through 
emissions trading 
could turn out to be 
the costliest public 
policy mistake in 
human history, with 
the costs vastly 
exceeding the benefits. 


going to be politically unsustainable in the long run. An 
international emissions-trading program is also unlikely 
to survive noncompliance by some of its members. 

There are two final, overriding reasons to he doubtful 
about global emissions trading. It is possible that the 
defects of previous emissions-trading programs could be 
overcome with more caretu! desigir and 
extended to an international level, 
though this would require an extraordi- 
nary feat of diplomacy and substantial 
refinements of international law. Even if 
such improvement could he accom- 
plished, it would nor provide assurance 
against the prospect that the cost of such 
a system might ertxle the competitiveness 
of the U.S. economy against developing 
nations that do not join the system. 

The .second rea.son for skepticism 
aKiut global emissions trading is that it 
fails the “m> regrets” rest. It is considered 
had form nowadays to expre.ss doubt or 
skepticism about the scientific Ciise for 
rapid and dangerous global wanning in 
the twenty-first century. If warming i.s 
either less pronounced than some current 
forecasts predict or if emissions reductions 
have limited effect in moderating future 
temperature rise, however, a severe global 
emissions-reduction policy through emis- 
sii)ns trading (on the order of a minimum 
50 percent cut by 2050) could turn out to 
be the costliest public policy mistake in 
human history, with the costs vastly 
exceeding the benefits. 

Could instituting a tax on the carKm emissions 
releivscd by friel use, as part of a revenue-neutral tax 
relorm package, pass these two tests? We believe it could. 

Advantages of a Revenue-Neutral, 
Carbon-Centered Tax Reform 


quently required to install specified eini.ssioRS-control 
technologies and to pay fines for excess emissions. In 
effect, some Uw Angeie.s firms had to pay three times 
over for emissions reductions. 

A GHG emissions-trading scheme on an interna- 
tional level will he even more vulnerable to these kinds 
of unpredictable outcomes. To the extent that a GHG 
emissions-trading program results in international cross- 
subsidization of the economies of trading partners, it i.s 


Most economists believe a carbon tax (a tax on the 
quantity of CD? emitted when using energy) would he a 
supenor policy alternative to an emissions-trading 
regime. In fact, the irony i.s that there is a broad consen- 
sus in ffivor of a carbtm tax everywhere except on Capitol 
Hill, where the “T word” is ar\athema. Former vice 
president Al Gore supports the concept, as di-^s James 
Ci^naughton, head of the White House Council on 



1029 


price-based greenhouse gas (GHG) controls 
are much more desirable than quantity tar- 
gets, taking into account both the potential 
long-term damages of climate change, and 
the costs of GHG control. This can be argued 
on the basis of both theory and numerical 
simulations. 


Environmental Quality during the George W. Bush 
administration. Lester Brown of the Earth Policy Institute 
supports such an initiative, but so does Paul Andersc»n, 
the CEO of CXike Energy. Crossing the two disciplines 
most relevant to rhe discussion of climate policy — 
science and economics — both NASA scientist James 
Hansen and Harvard University economist N. Gregory 
Mankiw give the thumbs up to a carbon tax swap.^ 

There are many reasons for preferring a revenue- 
neutral carbon tax regime (in which taxes are placed on 
the carbon emissions of fuel use, with revenues used to 
reduce other taxes) to emissions trading. Among them are: 

• Effectiveness and Efficiency. A revenue-neutral car- 
bon tax shift is almost certain to reduce GHG emis- 
sions efficiently. As economist William Pizer observes, 
“Specifically, a carbon tax equal to the damage per ton 
of CO2 will lead to exactly the right balance between 
the co.st of reducing emissions and the resulting bene- 
fits of less global warming.”*^ Despite the popular 
assumption that a cap-and-trade regime is more 
certain because it is a quantity control rather than a 
price control, such a scheme only works in very 
limited circumstances that do not apply to GHG 
control. The great potential for fraud attendant on 
such a system creates significant doubt about its effec- 
tiveness, as experience has .shown in Kith theory atKl 
practice In the gyratioas of the European ETS. 

The likelihood of effecriveneis also cannot be said 
for regulations such as increased vehicle fiiel economy 
standards. In fact, such regulations can have pervcise 
effects that actually lead to increased emissions. By 
making vehicles more efficient, t>ne reduces the a)st 
of a unit of fuel, which would actually stimulate more 
driving, and, combined with increttsing tniffic conges- 
tion, could lead to an increase in GHG emissions 
rather than a decrease. 

As Harvard researchers Louis Kaplow and Steven 
Shavell point our, “TKe traditional view of econo- 
mists has been that corrective taxe.s are superior to 
direct regulation of harmful externalities when the 
state’s information aKiut control costs i.s incom- 
plete," which, in the case of carbon emissions reduc- 
tions, it most definitely is.‘* And when it comes to 
quantity controls (as a cap-and-trade system would 
impose), Pizer found that 

My own analysis of the two approaches (car- 
Km taxes vs. emission trading] indicates that 


Pizer found, in fact, that a carbon-pricing mechanism 
would produce expected net gains five times higher 
than even the best -designed quantity control (i.e., 
cap-arul'trade) regime.*^ 

• Incentive Creation. Putting a price on the carKsn 
einissksns attendant on fuel use would create numer- 
tHis incentives to reduce the use of carbon-intensive 
energy. The increa.sed costs of energy' would flow 
through the economy, ultimately giving consumers 
incentives to reduce their use of electricity, transporta- 
tion fuels, home heating oil, and so forth. Consumers, 
motivated by the tax, would have incentives to buy 
more efficient appliances, to buy and drive more 
efficient cars, and to better insulate their homes or 
construct them with more attention to energy conser- 
vation. A carbon tax would also create incentives for 
consumers to demand lower-carbon power sources 
from their load utilities. A carbon tax, avS its cost 
flowed down the chains of production into consumer 
products, would lead m*mufacturers to become more 
efficient iind consumers to economize in consumption. 
At all levels in the economy, a carKm tax would cre- 
ate a profit niche for envin^nrnentai entrepreneurs to 
find ways to deliver lower-carbon energy at competi- 
tive prices. Finally, a carKin tax would also serve to 
level (somewhat) the playing field among solar power, 
wind p^wer, nuclear power, and carKm-based fijels by 
internalizing the cost of carbon emission into the price 
of the various forms of energy. 

• Less Corruption. Unlike carbon cap-and-trade initia- 
tives, a carbon tax would create little incentive or 
opportunity for rent-seeking or cheating. As William 
Nordhaus explains: 

A price apptxiach give.s less room for corrup- 
tion because it does not create arrificial 
scarcities, monopolies, or rents. There are no 
permits transferred to countries or leaders of 
countries, they cannot be sold abroad for 
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wine or guns. ... In fact, a carbon tax wovjU 
add absolutely nothing to the instruments 
that countries have today.’ ^ 

Without the profit potential of amassing trat.lab]e 
carbon permits, industry groups would have less incen- 
tive to try to get credits for their favored but non- 
competitive energy sources. That is not to say that 
tax-based approaches are immune from 
corruption, for they cemunly are not. If 
set tcx) far down the chain of production 
or set unevenly among energy sources, 
carlxin taxes could well lead to rent- 
seeking, political favoritism, economic 
distortions, iind so on. Foreign govern- 
ments might have an incentive to 
undennine a trading scheme hy offering 
incentives to allow their manufacturers 
to avoid the cost of carbt)n trading. A 
tax on fuels proportkmate to their car- 
bon content, levied at the point of first 
.sale, should he less susceptible to comip- 
tion, and hy delivering revenue to the 
government rather thm to private enti- 
ties, should create incentives more 
aligned with the government’s objective. 

Elimination of Superfluous Regulations. Because a 
airbon tax would cause carbon emissions to be 
reduced efificienily acros-s the onrire marker, other 
measures that arc less efficient — and somerijucs even 
perveree in their impacts — could he elimirutted. 

With the proper federal carKm tax in place, there 
would be no need for corporate average fuel ccimomy 
standards, for example. Otlifomia’s emissions-imding 
scheme, likewise, would he superfluous, and its reten- 
tion only harmful to the Golden State. As regulations 
impose significant costs and distort markets, the 
potential to displace a fairly bnxid swath of environ- 
mental regulations with a carbon tax offers benefits 
beyond GHG reductions. 

Price-Stabilization. As the experiences of the Europcjin 
ETS and California’s RECLAIM show us, pollution- 
trading schemes can be easily gained, resulting in 
significant price volatility for permits. Imagine one’s 
energy bill jumping around as pennits become more 
or less available due to small changes in economic 
conditions. A carbon tax would be predictable, and 


by raising the overall price of energy to include the 
tax, the portion of energy cost per unit that stems 
from fluctuation in market rates for fossil fuels shrinks 
as a percentage of the whole. That shrinkage makes 
the price of a given form of energy less susceptible 
to volatility every time there is a movement in the 
underlying production co,st,s. 

Adjustability and Certainty. A carbon 
tax, if found to he tw stringent, could 
be relaxed relatively easily over a time- 
frame, allowing for markets to react 
with certainty. If found too low to pro- 
duce results, a carbon tax could easily be 
increased. In cither event, such changes 
could be phased in over time, creating 
predictability and allowing an ongoing 
reassessment of effectiveness via obser- 
vations aKiut changes in the consump- 
tion of various forms of energy. A 
cap-and-tradc system, by contrast, is 
more difficult to adjust because permits, 
whether one is the seller or the buyer, 
reflect .significant monetary value. 
Permit traders would demand — and 
rightly so-^ompeasarion if what they purchas<xl in 
good faith has been devalued by a governmental 
deflation of the new “carbc»n currency.” In addition, 
sudden changes in economic conditions could lead to 
significjinr price volariliry in a cap-and-trade program 
that would be less likely under a carKm-tax regime. 

Preexisting Collection Mechanisms. Whether at 
kical. Slate, or federal levels, carbon taxes could be 
levied and collected through existing institutions with 
extensive experience in enforcing compliance, and 
through ready-made statutes to back up their actions. 
The same cannot be said for emissions-trading 
schemes that ret^uire the creation of new trading 
markets, complete with new regulations and institu- 
tions to define and enforce the value of credits. 

Keeping Revenue In-Country. Unlike an interna- 
ttonai cap-and-trade regime, carKm taxes — whether 
done domestically or as an internationally agreed- 
upon value — have the advantage of keeping tax 
payments within individual countries. This could 
strongly reduce the oppe^sition to international 
action that has, until this point, had a strong 


A carbon tax, as its 
cost flowed down the 
chains of production 
into consumer 
products, would lead 
manufacturers to 
become more efficient 
and consumers to 
economize in 
consumption. 
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implication of wealth redistribution overlaid on the 
policy discussion. 

This dynamic leads to a second reason why a car- 
bon tax is a better fit for U.S. climate policy; it offers 
an international analc^e to our federalist approach to 
public policy innovation within the United States. As 
we have seen, there is reason to doubt the long-run 
effectiveness and sustainability of the EU’s emissions- 
trading program. If the United States adopts a carbon 
tax approach, we will be able to compare the effec- 
tiveness of tax versus emissions trading in short order. 

• Midgation of General Ecorwmic Damages. As energy 
is one of the three most important variable inputs to 
economic pccxluction (along with labor and capital), 
raising the cost of energy would undoubtedly result in 
significant economic harm. Using the revenues gener- 
ated from a carbon tJix to reduce other taxes on pro- 
ductivity (taxes on labor or capital) could mitigate the 
economic damage that would be prcxluced by raising 
energy prices. The most likely candidates for a carbon 
tax tradeoff would be the corporate income tax (the 
U.S. rate is currently among the highest in the indus- 
trialized world) and payroll taxes, the latter of which 
would lower the cost of employment and help offset 
the pos.sibly regressive effects of higher energy prices 
on lower-income households. But across-the-board 
income tax race cuts and further cuts in the capital 
gains tax could also be considered. 

Few other approaches offer this potential. Regu- 
latory approaches such as increasing vehicle effi- 
ciency standards do not because they mandate more 
expensive technologies and allow the costs to be 
passed on ro consumers without offsets (unless they 
are sub-sidired), in which case it is the general tax- 
payer whose waller shrinks. Emissions-trading would 
allow for this if one auctioned all initial permits and 
used the revenue to offset other taxes. The vast 
majority of trading systems, however, begin with the 
governing entity distributing free emission credits to 
companies based on historical emission patterns 
rather than having an open auction for permits that 
would produce such revenue streams. Without an 
auction, the revenues in a trading scheme accrue 
only CO private companies chat trade in carbon per- 
mits, while the companies buying permits would pass 
the cost on to consumers. International emissions- 
trading approaches such as Kyoto’s clean develop- 
ment mechanism are worse still; the beneficiaries of 


the scheme are likely to be foreign governments 
or private entities that can reduce (or pretend to 
reduce) carbon emissions more efficiently, leaving 
Americans with higher energy prices and no revenue 
stream to offset the negative impacts on pnxluctivity. 

Exploring the Parameters of Carbon- 
Centered Tax Reform 

Publi^ed estimates of an initial optimal carbon tax on 
fuels are in the range of $10 to $20 per ton of CX )2 emit- 
ted (in 2005 dollars). Nordhaus, for example, estimates 
the optimal race for a tax implemented in 2010 to be 
$16 per ton of carbim and rapidly rising over time.**^ We 
will focus primarily on a rax rate of $15 pec ton of CO 2 , 
while also providing enough information to allow a reader 
to consider the likely impact of a range of possible taxes. 

• Background on Emissions. According to the U.S. 
Energy Information Administration, emissions of CO 2 
in the United States in 2005 equaled 6,009 million 
metric tons (MMT) of CO 2 , an increase of twenty 
MMT over 2004.’^ Emissiorrs have grown at an 
annual race of 1.2 percent between 1990 and 2005. 
Recently, the rare has .slowed, with the average annual 
rate between 2000 and 2005 equaling 0.5 percent. 

• Price Impacts. Table 1, on the following page, shows 
the price impacts of a $1 5 per ton OD 2 under the 
jtssumption that the tax is fully passed forward. The 
price shown for gasoline is not in addition to that on 
crude oil (i.e., it is not a double-tax). It is included to 
sshow how the price levied on crude oil would change 
the price of the refined paxluct.** Tltis provides a 
rough guide to the excise tax equivalent price impacts 
of a tax on CO 2 . We can scale the tax rates to evalu- 
ate different carbon taxes. For example, a $10 per ton 
tax on CXO 2 would raise the price of coal by $28.55 x 

0.66 -$18.84. 

A $15 CX)? tax would raise the price of gasoline by 
14c per giillon. A similar civlculation can be made for 
ctral'fired electricity. Using the most recent data from 
EPAs Emissions &. Generation Resource Integrated 
Database (eGRID), we calculate that the average emis- 
sion rate for coal-fired ptwer plants is 2,395 pounds 
of CX)? per megawatt-hour (MWh) of electricity. A 
$ 1 5 per ton CO 2 tax would raise the price of coal-fired 
electrkicy by I,63c per kilowjut-hour (kWh), or 20 per- 
cent at an average electricity price of 8.3c per kWh. 
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Table 2 shows the impact of a 
$ 1 5 per ton carbon tax on the price 
of major fuels used in electricity 
generation. Fuel prices are prices at 
which the carbon tax would likely 
be applied.*^ Not surprisingly, coal is 
most heavily impacted by a carbon 
tax, with coal’s price rising by more 
than three-quarters with a tax of 
this magnitude. 

• Behavioral Responses and Revenue. 
The higher energy prices in table 2 
should bring about a reduction in the 
demand for carbon-intensive fuels. A 
full analysis of equilibrium changes in 
carbcm emissions requires a QMnputa- 
tional General Equilibrium (CGE) 
mcxiel, an exercise that is lieyond the 
scope of this paper. We cm, howe\’er, 
make a rough calculation using previ- 
ously published results from CGE 
mtxJels. Here, we extrapolate results 
from the analysis of Bovenberg and 
Goulder of a $25 per ton tax on car- 
bond*^ Table 3 presents the price and 
output changes for fossil fuels follow- 
ing the imposition of the carbon tax 
In Bovenberg and Goulder’s study. 

We compute the arc elasticity as the 
ratio of the percentage output change 
to price efutnge. 

These response elasticities are not 
price elasticities in the usual sense, 
since they are the ourcome of the 
entire general equilibrium respcinse to 
the tax. Thc,sc responses, for example, 
include a shift in electricity pnxiuc- 
don away from a)ai towaal natural 
gas and oil.*'^ They are alsi> relatively 
short-run respi^nses, on the order of 
three to five years following the 
phased-in intrtxiuction (over three 
years) of the carbon tiix. 

Tlic elascicitie.s from table 3 com- 
bined with the price increases in 
table 2 imply the reductions in fuel 
use and carbon emissions seen in 
table 4. 


Tasle 1 

Price Impacts of a $15 CO2 Tax 



Coal 

Crude Oil 

Natural Gas 

Gasoline 

Energy Unit 

Short Ton 

Barrel 

mef 

Gallon 

MT GQiiad Bm 

25.980,000 

20,300,000 

14,470,000 

19, .340 ,000 

Mt COVQuad Biu 

95.260,000 

74.433.333 

53,056,667 

70,913,333 

Biu/Energy Unit 

19,980.000 

5.800,000 

i, 027.000 

124.167 

Ml C02/Energy’ Unit 

1.903 

0.432 

0,054 

0.009 

Tiix/Energy Unit 

$28.53 

S6.48 

$0,81 

50,14 


SiX-HCES: GiHxm coraeru of lueb ftom www.eia doe.pov/envinjnment.htmi; energy content 
hieb from U.S. Department iif Energy (DOE), Energy Inlormation Administration (EJA), 
Anmtol Eneijry Retieu/ 2Q05, fX:)E/EIA-0)84(2C05). Washington. DC: EIA, 2006. 


Table 2 

Short-Run Price Effects of a $15 CO2 Tax 


Energy 

Source 

Unit 

Price Per 
Unit ($) 

Tax Per unit 
of Energy 

Price Change 

(%) 

Coal 

shon ton 

$.34,29 

28,55 

83.3 

Crude Oil 

barrel 

$60,23 

6,48 

10.8 

Natural Gas 

thousand 
cubic feet 

S8.53 

0.82 

9.6 


SiXJRtT;: Prices arc 2006 avenges as repisrTed by Energy Infonruaion Adminisemtion (EIA). 
GkiI siiuLstics frtim EIA. “Receipts, As'entfic Gst nnJ Quaiity of Fossil Fuels,” iu-sulable at 
wsvw.ei;».doe.gov/cneiif/elcctriciry/epm/t;il''le4_2.iitml; crude oil statistics from EIA, “Refiner 
Acquisition Gw of Cmde Oil,” available at htrp.//tonto.eia.doe.sov/dnav/pet/pet_pri_ 
r«:2_dcii_mLs_ii-htm; arul natural pis statistics from EIA, "Natural Oils Prices,” available at 
htfp;//tonto.cia.ik>C-gov/Jnav/ng(ng_pri_suui..dcu_nus_m.htm. Unit taxes computed frexn 
table 1. 

NitrE: Tax is iiisumed to lx; frilly p;is.sed ftirwani. 


Table 3 

Implied Output Elasticities 



Price Change 

(%) 

Output Change 

(%) 

Output 

Elasticity 

Coal Mining 

54.50 

-19.10 

-0.350 

Oil 

13.20 

-2,10 

-0.159 

Natural Gas 

13.20 

-2.10 

-0.159 


ScXJRtl; A. Lans Bovenberg <ind Lawrence Goulder, “Neutralizing the Adverse Industry 
Impacts irfCO, Ahatem«it Policies: What Does It Qistr' in Distribuwjnal and Behaitoral 
E^ats of Emmcmmcnial Pofcy. cd.s. Girk> Qirr.iro anil Gilbert E. Metcalf (Chicago: Univer- 
sity of C^hicigp Press, 2000), tiblc 2.2. 

KiiTE: Output ebwticity is the ratio irf the percent change in qiiantiq- deireinJed diviJeil by 
the percent change in price, multiplied by negative one. 
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As table 4 shows, CO 2 emissions 
are reduced by 663 million metric 
tons, a decline of 1 1 percent. Most ot 
the reduction in emissions comes from 
reduced co4\l use. A static estimate of 
CO 2 tax revenue (ignoring the behav- 
ioral response) suggests that a $15 tax 
would raise $90.1 billion per year in 
the near term.^'^ Allowing for the 
emissions reductions calculated in 
table 4, the tax would raise $80.2 bil- 
lion per year. Clearly, the tax would 
raise less money in future years as 
greater reductions in carbon emissions 
occurred through improvements in 
efficiency, fuel switching, or new tech- 
nolc^ies like carbon capture and 
sequestration.^ • The revenue estimate, 
hc)wever, dtK's not factor in growth 
in demand for electricity nor the base- 
line growth in carbon emissions that 
would result in the absence of any 
carbon policy. 

Applying this approach to different 
carbon tax rates gives the results for 
emissions reductions and tax revenues 
seen in table 5. 

While these results are useful for 
providing a ballpark estimiite of the 
impact of a carbon tax, more detailed 
[TKxleiing will be required to refine 
them further. Out estimares are 
broadly corisistent with results from 
more detailed CGE modeling of 
U.S. carbon policics.^^ 


Table 4 

Emissions REDOcriONS for a $15 Tax 


Energy 

Source 

Output 
Change (%) 

CO 2 Enussiom 
(MMT) 

Reduction in COj 
Emi&sions (MMT) 

Qia! 

-29.2 

2,046 

597.1 

Crude Oil 

-1-7 

2,832 

48.4 

Natural Gas 

-1.5 

1,130 

17.2 

Total 

N/A 

6,009 

662.8 

Source; Auihots* calcubcions. 


Table 5 

Varying the Tax Rate 

Tax Rate 

Emissions 

Tax Revenue 

Per Ton ($) 

Reductions (%) 

($ billions, annual rate) 

10 

7.40 

55.7 

15 

11.0 

80.2 

20 

14.7 

102.5 

25 

18.4 

122.6 


SiXjRt-'E: Authiits’ cakiilatioas. 


Table 6 

Carbon Taxes as a Share of Other Taxes 


Tax Rate 
Per Ton ($) 

Tax Revenue 
($ billions) 

Personal Income 
Tax (%) 

Corporate Payroll 

TncomeTax (%) Taxes (%) 

10 

55.7 

6.0 

20.0 

7.0 

15 

80.2 

8.6 

28.8 

10.1 

20 

102.5 

11.1 

36.8 

12.9 

25 

122.6 

13.2 

44.1 

15.4 


SiXJRCE; Aullu'ts’ cuicdlations. 


Potential Uses of Revenue* Carbon 
tax revenues could be used for a num- 
ber of putpo.ses, such as lowering pay- 
roll and corporate income taxes, funding tax relief to 
low-income eamers most affected by increased energy 
prices, or a combination of these. Table 6 reports the 
carbon tax revenue from table 5 as a percentage of 
various tax collections in 2005, as reported In the 
most recent administration budget submission. 

A $1 5 per ton CO 2 tax raises enough revenue to 
raluce the corporate income tax by over one-quarrer 
and income or payroll taxes by roughly 10 percent. 

In a policy brief for the Brewkings Institution iind the 


World Resources Institute, economist Gilbert Metcalf 
estimated that a rebate of the employer and employee 
payroll tax contribution on the first $3,660 of earnings 
per mirker in 2003 would be sufficient to make the car- 
bon tax both revenue- and distributionally neutral.-^ 
[distributional neutrality may well impact the desir- 
ability and ptrlitical feasibility of a carbon tax, but 
there are efficiency considerations as well. There is 
substantial literature on the “double dividend” that 
examines the economic conditions under which a 
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carhon tax can he paired with a reduction in other 
taxes in a manner that improves the overall efficiency 
of the economy. Where such a double dividend is 
available, a carbon tax swap would be desirable, 
even if the environmental benefit of reduced carbtm 
emissions failed to be realized. 

The concept of the double dividend stems from the 
observation that a tax on an environmental external- 
ity not only helps curb the externality (dividend 1 ), 
but also provides revenue with which other distortinK 
taxes can he reduced, thereby providing efficiency 
gains (dividend 1)}'^ 

The double dividend comes in different levels.’’ 

The “weak” double dividend states that if one has an 
economically distorting tax, using 
environmental tax prcKeeds to lower it 
provides greater efficier\cy gains than 
returning the proceeds lump sum to 
those who pay the environmental tax. 

An intermediate fonn of the double 
dividend hypothesis is that there exists 
a distortionary tax, such that using 
environmental tax proceeds to lower 
this tax will improve welfare, setting 
aside environmental henefits.^^’ A 
strong form claims that a welfare 
gain will occur when environmental 
priKccds replace those of the typical 
distorting tax, 

The weak double dividend is uticonrroversial,^^ 
while the strong double dividend is somewhat more 
controversial. Criticisms notwithstanding, logic sug- 
gests that the pursuit of a strong double dividend is 
desirable as a matter of public policy. To that end, it 
would seem much more desirable in tenns of efficiency 
to pursue capital tax reduction as a revenue teedKack 
than other choice.s, a.s the current treatment of aipital 
in the tax code is quite far from the optimal tax of 
zero, and the efficiency gains from a reduction in a 
payroll tax would likely he minimal if labor is, as is 
generally accepted, supplied relatively inelastically. 

It should he noted that cap-and-trade syst«ns and 
carbon-tax systems can he designed so they are quite 
similar. If, for example, emissions are capped and per- 
mits are auctioned off, then one could, after observing 
the auction price, set a carbon tax that leads tt> a simi- 
lar emissioas and revenue outcome. Cap-and-trade 
systems, how'ever, generally have been pursued as an 
altemarive to revenue-raising taxes, and often allocate 


the pennits accortling to some formula rather than 
through an auction. For the purposes of expt>sition, we 
comparoJ a carbon tax to this latter form of the cap- 
and-trade system. One should remember that cap-and- 
trade propt^siils can he adjusted to raise revenues, and 
the revenues could then be used to pursue the double 
dividend. In that case, the relative merits of a carbon 
tax would he diminished. 

Achieving a More Efficient System 

A cap-and-trade approach to controlling GHO emis- 
sions would be highly problematic. A lack of interna- 
tional binding authority would render enforcement 
nearly impossible, while the incentives 
for cheating would he extremely high. 
The upfront costs of creating institutions 
to administer trading are significant and 
likely to prtxluce entrenched bureaucra- 
cies that clamor for ever-tighter controls 
on carbon emissions. Pennit holders will 
see value in further tightening of caps, 
hut will resist efforts outside the cap-and- 
trade system that might devalue their 
new carhon currency. Higher energy costs 
resulting from trading would lead to eco- 
nomic slowdown, hut as revenues would 
flow into for-profit coffers (domestically 
or internationally), revenues would be unavailable for 
offsetting cither the economic slowdown or the impacts 
of higher energy prices on low-income earners. 

A prt.)gram t)f carbon-centered tax reform, by contrast, 
lacks mosK of the negative attributes of cap-and-rrade, 
and could convey significant benefits unrelated to GHG 
reductions or avoidance of potential climate harms, mak- 
ing this a no-regrets policy. A tax swap would create 
economy-wide incentives for energy efficiency and lower- 
carbon energy, and by raising the price of energy would 
also reduce energy use. At the same time, revenues gen- 
erated would allow the mitigation of the economic 
impact of higher energy prices, both on the general 
economy and on the lower-incomc earners who might be 
disproptxtionately affected by such a change. Carbon 
taxes would he more difficult to avoid, and existing insti- 
tutions quite adept at tax collection could step up imme- 
diately. Revenues would remain in-country, removing 
international incentives for cheating or insincere partici- 
pation in carbon-reduction programs. Most of these 
effects would remain beneficial even if science should 


A tax swap would 
create economy-wide 
incentives for energy 
efficiency and lower- 
carbon energy, and by 
raising the price of 
energy, would also 
reduce energy use. 
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determine that reducing GHG emissions has only a 
negligible effect on mitigating global warming. 

A modest carbon tax of $15 per ton of CO 2 emitted 
would result in an 1 1 percent decline in CO 2 emissions, 
while raising non-coal-based energy forms mcxlestly. 
Coal-based energy prices would be affected more 
strongly, which is to be expected in any plan genuinely 
intended to reduce GHG emissions. A number of pos- 
sible mechanisms are available to refund the revenues 
raised by this tax. On net, these tixds could significantly 
reduce the economic costs of the tax and quite ptxsibly 
provide economic benefits. 

For these reasons, we conclude that if aggressive 
actions are to be taken to control GHG emissions, 
carbtm-centered tax reform — not GHG emission 
trading — is the superior policy option. 

AEl editorial associate Nicole Passan worked with Messrs. Green, 
Hayward, and Hassett to edit and produce diis Envirtinmental 
Policy Outkxik. 
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Climate Change: The Resilience Option 

By Kenneth P. Green 

“1 lie \vil!>)\v which bends to the cempese, often escapes better than the oak which 
ic.'i'-t.s it; and so in great cajatnitics, it sometimes happens that light and triviik'iis spirits 
recin er liieir elasticity and presence of mind sooner than those of a loftier cJiaracicr." 

— Alhen Sclnvcitrcr 

Tlu‘ climiH' is jirotit’ to sliarp chant's /airh- short pafods of time. Phns that focus sinif.'ly on 

■sioppivi" i::iiin£tic cAcingc mv unlikely to succeed: fluaiuickms in the Earth’s climate prcdaic humamy. Rather 
than try w mnkc the climate suiiic , [ndicymakers should foats on implementing resilience siraiegies to enable, 
adapiaiion to a dynamic, changing climate. Resilience strategics can he sncccss/u! if tee e/iininace cHrreru risk 
.subsidies and priuuize infrastruciure. 


R ecent clinnue research relis us that ourcii- 
mate is not the placid, slow-changing system 
peciple assume it to he. Instead, it is prone to 
shiit'p change.s over fairly sliori periods of time. 
Whether those changes are natural or cvmseci by 
human actions, we now know that we live in a 
world of grciuer climatic risks. Previous gcncni- 
t ions did not. think aixail:, plan for. or factor in 
these risks wdien chey sited their cities and dccideti 
how to build and manage them. While planning 
was done for weather in what svas considerevil a 
largely predictable sy.stcm, little tliouglii was given 
to making cities resilient to climate variahility. As 
efibrts to reduce greeithoitse gas (CdUCa) emissions 
fail, we need to consider aiternui ivc plans and 
actions to reduce the risks vve face. 

The United Nations Intergovernmental Panel 
on Climate Change (IPCC) has always discussed 
the idea of adaptation to climate change as a 
second' or third-best response — stimething to b* 
done tinly after ei'eiy ^xissihle cHorr has K-en made 
to leLliKC: t..)I lO emissKxis. lyitii governmental and 
enviionnu.mal gnaups have generally been hostile 

Kenneth P. Green ikgreen^Hei.org) is a resident 
seltoliir at ALL 


to adaptation-bstsed responses to climate change, 
as they view such approaches as surrt;nt,li;r — an 
acceptance of die idea tfiat. (oMCd emissions 
will continue, that the dimate will change, and 
that people will come to believe they can adapt. 
Tliey fear that a ftKus on ,:idapt:ing to climate 
chairge would detract from a l(X'.us on mitigat- 
ing omissions. 

There will be ai-guments about, mitigating 
(.il 10 einihsioirs for many years (arid perhaps 
dc‘cade.s) to come, bui: «;!ur new understanding 
of hi.»vv variable our diinate can be suggests wc 
shoul 1 buMskn enii I liiii IK poliis toeu'bv 
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Strengthening our efforts to facilitate adaptation. We 
should focu.s on building resilience as an approach to 
protecting ourselves from the risks of climate change as 

FKiL'RR 1 

Earth’s Long-Term Climate History 
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superior to a static approach that singles out only one 
pci-ssihle climate influencer (the GHGs) and largely 
ignores natural climate x’ariahility. 

This Oittlook discusses our variable climate and out- 
lines an agenda for building climate resilience that can be 
implemented immediafely and that could offer significant 
protecrion for future generations from climate variability, 

Our Variable Climate 

Whether viewed in long- or short-term periods, the 
Earth’s climate history' is one of variability, not stasis. 
Our planet ha.s moved into and out of ice ages and 
warm periods for as long as we have e\idence of historic 
climate. Figure I shows the longest-term picture of cli- 
mate %’anahiliry scientists have developed, which uses 
measured and proxy data. Proxy data consist of esrimated 
tempieratures (or other climate variables such as atmos- 
pheric moisture) developed by studying what are. in 
essence, climate fossils: tree rings, ice cores, fossil diatoms, 
boreholes, fi.as.sili’ed plant leaves, and .so on. While proxy 
data should he con.sidered le.ss reliable than empirical 
data (meaning char the farther back we look, the more 
ha:y the picture becomes), the scientific palcotempera- 
rurc reconstmefions clearly show the huge variability of 
the Earth’s climate.* 

The causes of global climate change are a combina- 
tion of astronomical, geological, (x:eanographic, geo- 
graphical, and blolc^ical “forcings.” Forcing.s are things 
that can change the Earth's balance of incoming and out- 
going radiation, making the climate warmer or cooler. 

On the astronomic side of the equation are changes in 
solar output and co.smic wind, as v\’ell as the angle and 
inclination of the Earth with respect to the sun. On the 
geological side arc variations in volcanic activity or 
oceanic GHG flux and the respottse of atmospheric water 
vapi'ir CO climate change. On the biological side of the 
equation arc changes in GHG emissions caused by ani- 
mals (termites, ruminants, humans) and the production 
and sequestration of atmospheric carbon by plants and 
other photosynrhetic organisms (such as phytoplankton). 
On the geographical side, changes in reflectivity of the 
land through changes in land use and the emission of dif- 
ferent amounts of reflective and absorptive particulate 
pxflludon can also affect the local climate. 

For more recent time periods, scientists have data of 
slightly better reliability (though there are still prob- 
lems with data quality). The land temperature record 
shows that the climate ha.s indeed been changing in 
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Figure 2 

Global Average Near-Surface Temperatures, 1850-June 2009 
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StXIRCE; UK Met C^ce, "Annual Global and Hemis}.iheric Surface Temperatures,” HadCnit3 data 
sec, www.ineioftice.gov.uk/climatechange/science/monitoring/ten:iperatitre.s.html. 

Note: The solid tars show the global annual average near-surface temperature anomalies from 1850 
to June 2009. The error hats show the 95 percent uncertainty range on the annual averages. The 
thick line shows the annual values after siiKiothtng with a tw'cnry'one-pt>int binomial filter. 


the last century. As figure 2 
shows, according to the surface 
temperature record, there have 
been five stages of change since 
1850, when measurements began. 

From 1910 to 1940, the Earth 
experienced a period of warming; 
from 1940 through 1970, a pro- 
nounced cooling; from 1970 ro 
2000 a pronounced wanning; 
from 2000 to the present, the rate 
of warming has flattened out and 
begun to decline. 

The last published report of the 
United Nations IPCC says that 
“{mjost of the observed increase in 
global average temperatures since 
the mid-twentieth century is very 
likely due to the observ^ed increa.se 
in anthropogenic greenhouse gas 
concentrations. Others dispute 
this assertion, arguing that climate 
models are attributing too much 
influence to GHGs in the atmosphere.^ 

This Outlook does not focus on the question of cli- 
mate change causality (there are plenty of studies that 
do), but it is fair to say that scientific understanding of 
which factors contribute to changes in the Earth’s cli- 
mate is still in a very early stage. Even the experts at 
the IPCC acknowledge this to be the case. Figure 3, 
from the Fourth A,s8essment Report of the IPCC, shows 
how limited scientific understanding of climate forcing 
really i.s. Scientific understanding of potential anthropo- 
genic forcings is often medium-low to low. The same 
applies to scientific understanding of the nonbiological 
factors in climate change: articles disputing the role of 
solar output, cosmic ray flux, ecological GHG contribu- 
tions, and responses are published on an ongoing basis.'* 
From a policy penspective, the important policy ques- 
tion is le,s,s about the cause of climate variability than 
about the best response to climate variability, whether 
manmade or natural. 

What Is Better, Climate Resilience 
or Climate Stasis? 

In general, the mainstream response to the issue of cli- 
mate change has been reactive, pessimistic, authoritarian, 
and resistant to change. Those alarmed about a changing 


climate would stand athwait the stream of climate history 
and cry “stop, enough!” Rather than working to cease 
human influence on climate, they want to find a way ro 
make the climate .stand srill. This focus on creating cli- 
mate stasis has led to policy propcxsals that would have 
been laughed at ordi.stnlssed as wacky conspiracy theories 
in the 1980s. Bur mainstream anti-climate change activ- 
ists arc proptysing nothing less than the establishment of 
global weather control through energy rationing, regula- 
tions, and taxes, all managed by a global bureaucracy 
wirh a goal of leading humanity into a future that will 
become smaller, more costly, and less dynamic over time. 
Environmental groups, along with organizations like the 
United Nations IPCX2, arc calling for nothing le,s.s than 
imposing climate stasis on a chaotic system. 

Consider the climate bill now before Congress: 
the Waxman-Markey American Climate and Energy 
Security Act. Waxman-Markey sets the ambitious target 
of reducing total U.S. GHG emissions by 83 percent 
below 2005 levels by the year 2050 (with intennediate 
benchmarks at 2020 and 2030). Thus, the cap and the 
allowances sold pursuant to ir will be lowered from a 
peak of 5.4 billion tons in 2016 to just a little over 1 bil- 
lion tons in 2050. As my colleague Steven F. Hayward 
and ! have pointed out elsewhere, these targets are 
absurd.^ From Department of Energy historical statistics 
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Figure 3 

Global Mean R^adiauvl Forcings, with Levels of Scientific Understanding 
Radiative Forcing Components 
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Radiative Forcing (W nr^) 


SdurC-E; ircC, "2007: Siiinmyry lor Policymakers." QiJivitc C'htuigf 2007: T/u; Phvsirai Science Bnsis- ConmtTwrian of W<fTkinj( Onnip I to c/u.’ Fourth 
Ai'sessinent Rc/)ort Inta'^ownTimcnwl Prnwtl on t'linuicc Chiuige (Nesv York and Gtmbridjje: Citinbridge Uni\'ersitY Press, 2007), 4, available at 
wT;^'w.ipcc.ciVptlf/a®essmcnc-repnrt/ar4/wg!/iu4'W(’l-spm-pvif (acccssal Scptenil^jr 28, 2009). 

NOTli: Global average radiative forcittg estimates an*.! ranges in 2005 for <inrhrop>ogcnic carbtin dioxide (CO 2 ), metlvane (CH 4 ), nitrous oxide 
(N’O), and other itn[x:>rtanr agents and mechani.sms, together with the typical geographical extent (.sp-atial scale) of the forcing and tiie assessed 
level of .scientific understattding (LOSU). Ihc net anthr<spogcnic r.uliative forcing and its range are also shown. These require sutnming asymmetric 
uncertainty cstimatc.s from the contp» >netir terms and cannot K' c^lHamed by simple inUition. Additional fi.srcing factors not incliii.ied here arc ctm- 
.siJered to have a very low LGSU- Volcanic aernsiiLs c<imribiite itn addititmid natund fisreing hut are not included in chi.s figure tiue t(.i their epi.sixlic 
nature. Tlie raitge for littear contrails df)C.s niJt inclikle other ptssiblc effects ^4" aviation on cloudiness. 


on energy consumption, it is possible to estimiuc that 
the United States last emitted 1 billion tons in the year 
1910, when the nations population was only 92 million 
people, per-capica income (in 2008 dollars) vva,s only 
$6,196, and total GDP (also in 2008 dollars) was about 
$572 billion — about one-twenty-fifth the size of the U.S. 
economy today. By the year 2050, however, the United 
States is expected to have a population of 420 million, 
according to Census Bureau projections — ^morc than 
four times the population of 1910. In order to reach the 


83 percent reduction target, per-capita carbon dioxide 
(CO 2 ) emissions will have to he no more than 2.4 tons 
per person — only one-quarter the level ot per-capita 
emissions in 1910. 

When did the United States last experience per- 
capita OD 2 emissions of only 2.4 tons; From the limited 
historical data available, it appears that this wa.s about 
1875. In 1875, the nation’s GDP (in 2008 dollars) was 
$147 billion, per-capita income (in 2008 dollars) was 
$ 3300 , and the population was only 45 million.^'’ 
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Mv coik-ayue Kc\ i)-! A. H.issc-ti:, Hayward, and ! have 
also wiinen elsewhere ahout the problems with eap' 
anJ'iraJe and sii^uested that a revenue-neutral carKm 
tax wtiuld he preferable,' hut that, tiKi, represents an 
effort to impose stasis a dynamic system simply usine 
more efficient means. A carbon tax is, to he sure, vastly 
superior lo a cap-and-trade system, i-’ut there arc doubts 
that it is politically po.ssihlc to enact one in a way that 
is actually rcwenue-netirral and is not abused by politi- 
cians wlro will look to tax those they dislike anil rebate 
the taxes to croups they favor, namely, thtwe that aiv 
im^st inclined to \’ore for their party. 

A more forward-looking, opriinistic, and free-market 
approach to ilu- risks of climate variability accepts that 
the climate has been, is. and will he variable; focuses 
on the risks of variability; and looks tor ways to build 
resilience in the face of that change, rep'-ardless of cause. 


I'KUKi 4 

AmtoPiU/vn?. SncAiix.its for Dii flri nt Siaihs 
01- KNtnMLDC.l; 


Amount of knowledge about intervention measures 
Small Great 


Moru resilience, 
less interception 

interception 

Resilience 

More resilience, 
less interception 


SiX'IU't; Ailaptid irmn .•\areii WiLl.tV'kv, .Sciinlitfij; /nv .SVib’tv (Nx-w 
fViinswkk. KJ: Tnut'acUiui I’lil'liAtr.', !98,S). 122. 


Aaron Wildavsky’s Resilience Paradigm 

Aaron Wildavsky, one of the yreat pdicy analy.sts of'ihe 
late twentieth century, wrote extensively ahout the ben- 
efits of resilient social institutions. Wildavsky observed 
that possible risk-reiluction inreo’cntions lie alonj' a spec- 
trum from resilient to interceptive. Resilient approaches 
maximize our ahiliry to cope with risk by mainrainin.c a 
dynamic, market-hased, knowled,t’e-buildin}» strategy. 
Interceptive interventions emphasize specific risk- 
reduction efforts that require certain specific actions 
and prohibit or restrict others.’'^ But how do \vc decide, 
for a giveit risk such as climate change, wlicther an 
interceptive approach is more likely to provide grearer 
safety than a resilient approach.^ 

Wildavsky deinonsrracoil that uncerraintics aKmt the 
likelihood or extent of any gi\cn risk and alx'ui the effec- 
tiveness of ;iny intervention consimin risk-rciluction 
decisions.'’ Figure 4 shows hou' uncertainties aKmt the 
nature and scope of a ri.sk and uncertainties aKmt inter- 
vention measures anil their effects constrain .strategy 
selection, faviiring certain approache.s over others. 

Employing both theory .ind ctnpirical observation, 
Wildavsky observed tliat a strategy of interception is 
likely to he succcssfui only in situations of truly c.xcel- 
lent information. So, for example, lor a power plant 
i>wner who knows that a particular parr is going to 
burn out every I 50 days, an interception strategy of 
replacing the part every 149 days n> prevent the risk is 
likely cost-effective. Btif where Ic.ss informatitm exists, 
more resilient .strategies are likely to succeed because 


interception will he either infeasible or expensive in 
such situations. If a power plant had eight thousand 
critical piece.s of equipment that would create a tire 
upon failure, hut the plant owner Jiii not know the 
failure rates of each piece, ir^-ing to intercept the risk 
by replacing pieces before they failed would be enor- 
mously costly. Further, trying Ct* have backup system-s 
on all eight thousand pieces would he ceclinologicaiiy 
difficult and pruhably not financially feasible. Instead, a 
strategy of resilience, such as implementing a sophisti- 
cated I'ire-rcsponse system, is more likely to he a teasi- 
lilc and efficient way of dealing wiih rliis risk. 

In the case of' climate change, our knowledge of the 
nature and scope of risks and luiure condihons is low. 
and our knowledge aix'ut how to intervene to iiead off 
specific risks is small. This suggests that contrary to cur- 
rent policy approaciies that locus on mitigating ( jHCj 
emissions largely to tliv I'xclusion of evcrydiing else, 
resilietice sliould he consKleiVii the Jclauli climate scrat- 
egyv A.s Wiklavsky ohservcil: 

• Rcsilietit .systems build knowkxigc iftrough 
research and build >afety through efficient use of 
resources, enhancing the ability to rc'pi-snd to and 
reduce risks over time. 

• Resilient approaclies optimize tise of local kitowl- 
edge of specific anil particular circumsmnees. Since 
resources are retained by individuals and firms in 
the si>cial and economic system, pesq'ile will 
instinctively reduce risks as they perceive them. 
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• Roiiiciit iipprocicius crcoio spilitn'cr knowledge 
by hiiilJin,!4 knowlcd.^c at local levels dial can 
then be briHiyht into play in other areas. Research 
IS a naiiiral pan ol rcMlient systenisd'-' 

Wildaisky iliusirato diesc characteristics, dniwint^ 
from the work of systems ecologists Kenneth E. ¥. Warr 
and Paul (nai.e. In one example, Wiklawsky explains 
why a market-based system is more stable and, there- 
fore, safer: the eamiplexitv ani.i intricate nature of 
nepatiw: and positi\e feedback as comeyed through a 
market is a powertn! siabili;im: force whellier that mat' 
ket is financial or in\ ol\cs the way energy is di^rribnied 
through an ecosystem. Natiira! systems exliibit this 
complexity and licit feedback milieu, but S(idoeci>- 
nomic systems: 

Systems of yreat complexity, with stahiliry main- 
tiiincd by a lot of fast acting' neyarii'c feedback 
loops arc contpicx economies, with prices 
responding freely to trends in supply and demand. 

In such circumstances, we see very rapid intro- 
duction tif new products, or replacement of old by 
new products,*’ 

In yet another example, Wilda\'sky points out that 
ecoK>i:ical studies present cautionary findings witii 
regard to poor specific risk-ivditction iiu'oimcnis: 

We are specifically coticerncd with srahiliiy of ilic 
entire system in contradistinctii>n to stability of 
each component of the system. Tiiai is, we titider- 
siand tliat in bit»logical, economic, or any other 
kind of systems, the former can lx- maintained at 
the expense of the latter. Piitring thi^ differently, if 
rhe goal ttdopted is to ]nvsei ve stability of particu- 
lar system compotiems, the ultimate con>ei.i!ience 
can be decreased stability in the entire •'vstem.’- 

To a large c.xtcnt, the resilience option is the com- 
plete opposite of the climaie-stasts approacli; it focuses 
on dcecntraliraiion. deregulation, and treeing markets 
to maxiim:e resilience. 

Managing Risks with Resilience-Building 
Policies 

A \ ast range o\ risks has beeti discu.sset,! In ilie emuext 
of climate change, from floixl to i-innight, threatened 


KhkI supplies, more dcadlv in-scct-btirne di'easc', higher 
heat -relatet-l deaths, risitig sea levels, and so forth. The 
risks discussed in this ( >t(c/ool< iirc not future pn>habil- 
itics based on empirlciil evidence ;tnd extrapolation. 
Rather, they derive from eXHUputer models of potentiitl 
future change and are. [hereftire, not to he taken as 
known rhre;tts hut liither as hypothesized threats made 
using relatively primitive modeling technidogy subject 
ti' the garh;ige-in, garhage-mit problem typical of the 
breed. The risks arc i.lisciissed here with that limitation 
it\ mind, as potential risk.s, wtthciur ;iny nieasure of 
prohahility attached. Several approiiehes cconomtsts 
and ptilicy analysts have idetitified couki help increase 
MKia! resilience tii such l i.sks. 

Contrary to current policy approaches that 
focus on mitigating GHG emissions largely 
to the exclusion of everything else, 
resilience should be considered the 
default climate strategy. 


Eliminate Risk Subsidies. Prcxlicred damages associated 
with sea levels and storms are high because of rhe popu- 
larity of such locitles for high-densiiy business and 
upscale residential development. As a restilt, damages 
from e.xtreme coastal weather events have been hugely 
cxpcitsive. The datnages from Hurricane Katrina, tor 
example, reached over $ 1 50 liiilion.’ ^ The «.iLie>tion, 
liowever, i.s why was there so much \'alue that was so 
badly protected agttinst completely predictable events.^ 
Lowes and sea wails were uni.ierdesigne>,l. Many houses 
and husineNScs were not insured against Hood damage. 

.As CTarles Pcnxiw observes in Our Nc.vt Oata.stro/jkc, 
“Even in areas known to be hazaixlous, tnily about 20 per- 
cent of homeowners purchase flooi.i in.sunince, aiul less 
than 50 percent of busincs.ses purciiase flood and earth- 
quake insurance in risky are, is, 

The answer to rhvit ^[uesrion lies, at least in part, in 
the presumed role of state aixi fcsleral gov ernments as 
rhe insurer»)f last resort. People know that in the event 
Ilf a disaster, even if uninsurtxl. the Federal Emergency 
Management Agency will give grants to let people 
recover Innii natural disasters suci'i as hurricanes, IIikkIs, 
and stvirm surges. Without sucii assurances, we can 
assume that many people would be unwilling to face rhe 
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risk of in coa^cai areas that could be floixled by 

rising sea levels and u'ould relocate to hij^hcr ground. 
Caipital needed for lousinesses would alsc) avoid areas of 
high risk due to seadevel rise, preventing further siting 
of high'value structures in vulnerable areas. 

As researchers at the Wharton Risk Center observ'c; 

Highly subsidized prcmiuins or premiums artificially 
compressed by regulations, without clear communi- 
cation on the actual risk facing individuals and 
businesses, encourage devclipmcnt ol hazard-prone 
areas in ways that are costly to both the individuals 
who locate there (when the disaster strikes) as well 
as orhei's wlm are likely to incur some ol the costs 
(if bailing out victims following the next disaster 
(either at a state level through ex post }facto| 
residual market assessments or through federal 
taxes in the case of federal relief or tax breaks). *5 

Similavly, the CATO Institute points out: 

Oovenament-prtivided programs for crop insurance 
and flood insurance, as well as other inten’cntions 
in private disaster insurance markets, often are jus- 
tified as necessary to overcome the failure ol private 
markets to offer adequate and affordable disaster 
insurance. Defenders of government insurance pro- 
grams claim that they reduce dependence on “free” 
disaster assistance and promore eftlcient risk man- 
agement by property owners and farmers. 

Rut government policies are the cause of, not the 
cure I'or, the limited supply and narrow scope of 
privviie-sector disaster insurance. Demand for private 
enverage is low in parr bccinisc of the availahility of 
(.lisastet assistance, which suKsrirures for Kith public 
and private insurance. Moreover, a govcmmeni that 
cannist say no to genemus disaster assi.stance is 
utrlikely to implement an insurance program with 
strong incentives lor risk management. 

The sulwidized rates and limited unJerwriring 
and risk classification of federal government insur- 
ance programs aggravate adx'crse selection, discour- 
age efiicient risk management, and crowd out 
market-based alternarivcs. 

Fcxlcral tax ptiiicy reduces supply by .substantially 
increasing insurci's' costs of holding capital to cover 
vep' large but infrequent losse.s. State governments 
also intrude on insurance markets by capping rate.s, 
mandating supply ot particular r\'pes of irvsurancc, 


and creating state pixds to provide catastrophe ioMir- 
ance t>r reinsurance covcnige at sub,si(.lize>.l rates. By 
reducing Kith the supply and demand ,<ides of pri- 
vate irtsurance protecrion, government inten'encion 
leads to grcxitcr reliance on pi^ilirically controlled dis- 
aster a.ssi.stance and higher exxsts for taxpayers.'*'’ 

Perrow makes the case that this is no better at the 
state level; 

State-mandated pixils have been estahli.shed to 
sen.'e as a market (.if last resort for those unable to 
get insurance, but the premiums are law and thus 
these have the perverse effect of stihsidizing tlrose 
who chtxisc to live in risky areas and imposing 
excess costs on people living elsewhere. In addi- 
tion, the private insurers are liable tor the net los.ses 
of these pools, on a marker-share basis, The more 
tnsunincc they .seii. the larger their liability for the 
uninsured. Naturally, they are inclined to stop wait- 
ing ptilicies where there may be catastrophic lo.sscs 
(hurricanc.s in Florida and earthquakes in Califor- 
nia). The Florida and California coastlines are veiy 
desirable places to live and their populations have 
grown rapidly, but these hand.ximc lifestyles are 
subsidized by residents living in the less desirable 
iitland areas in rhe stare, and, to .some limited 
extent, by everyone in tire nation.' ' 

if risk subsidies cannot be abolished entirely, at the 
very least, insurance cotnpanie.s should charge risk- 
based premiums. .As Wharton re.searchers explain: 

Insurance pixM-niuins (whether public or private 
coveragi') should, to die exrcnv possible, reflect the 
underlying ri.sk associated w'ith the events against 
which covengge is bought in order to provide a 
clear signal to indivi..{uab and businesses of the 
dangers they face when locating in hazard-prone 
areas and (to| encourage them to engage in cost- 
effective mitigation measures to reduce their i-ul- 
nerabiiity to disasters.*'^ 

Privatize Infrastructure. Climate change could also 
pose a challenge feir coa.stai or low-lying nxidway.s, 
water-treatment facilities facing increased rainfall inten- 
sity, energy titilities facing increa.sed .summertime elec- 
tricity demand, and so on. Governments are quite good 
at building infrastructure. After all, what politician does 
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not enjoy o ribbon cuitiny cereniony tor M.M'nc new 
clement of n.ime-beann'^ infrasiruetiirc? But ^j>vem' 
meats are i.!tsnval at tnainrainiuja intrastriicturc, as they 
generally tail to esrahlish a revemie stream to maintain 
a system that provides feci,lhack about whether a par- 
ticular road sirould be raised or a watcr-treatmenr tacil- 
ity expanded or a power capability utcreased. A solution 
to these problems, as well as a potential source of rev- 
enue for cash-strapped state and municipal gt>vemments, 
IS the privatization of infrastructure. While a few poorly 
executed privatization efforts ha\‘e tarnished the name, 
the hahy should not be thrown suit with the bath water; 
privatization offers a host of benefits. A great deal of 
research oti privatization in developing and developed 
countries demonstrates that, on the whole, privatization 
shows considerably more benefit than risk. 

It has long been known that certain 
types of risk are not suited to attempted 
prevention but instead must be met 
with the resilience needed to live 
with the risk. Climate change is 
one such risk that is virtually 
impossible to prevent. 


In “An Assessment of Privatization,” Sunita Kikcri 
and John Nellis conclude that “lijn infrasriuciurc sve- 
rors, privatization improves welfare, a broader and cru- 
cial objective when it is acctrmpanieJ by proper policy 
and regulatory framework.s.” Furiher, they trhserve ihaf 
“ownership change in productive linns, as well as pri- 
vate investment in less than full ownership capacity, 
usually improves the financial situation ol the firm and 
the fiscal position of selling government, increa.ses 
returns to sharchokler.s, and in the right policy circum- 
stances, generates significant welfare benefits as well.”**'^ 
Pri\-ate owners ol infrastructure ha\'e a lot of invesr- 
ment lied up in getting a long-run stream ttf revenue 
from the infrastructure. Ensuring that future changes in 
climare do not disrupt that long-run cash flow is critical 
CO their current financial pertormarice. 

Rootlu'ffvs. If roads are privately owned and tolled, nxid 
operators have a revenue stream to tap itr onier t(.> niise. 


resurface, or reconttnir ixxivlways tx) adapt to climare 
changes. H costs of such ailapiatii.>n are high, Cidls vvili 
rise, and at some point, an ecimonuc decision will 
occur alx)ut whether a road should he maintained or 
whether some alternate route should he developed. In 
some ca.ses, peispie may indeed find their transporta- 
tion options so limited that they must move away to 
a place with a less fragile climate. One can imagine 
something like this for st>me coastal roadways where 
there are no easy alternate routes, but it would prob- 
ably be a fairly rare outcome. Still, it such situations 
did develop, this is a desirable outcome, as it is both 
economically efficient and reduces the likely co.st of 
climate-related damages to structures, 

Electn'ctCN Supplx. As long as gov'enamerits tlistort the 
prices coasumers pay for energy with subsidies, fuel man- 
dates, renewable power mandates, and the like, electric- 
ity markets cannot effectively adapt to changing climatic 
conditions. If electricity markets were fully deregulated, 
and if full costs w'cre passed onto consumers, price sig- 
nals would he cveared for the electriciry provider in 
terms of expanding or decreasing capacity and for the 
comiimer m terms of the real cost of living in an envi- 
ronment subject to energy-consuming heat waves (or 
cold snaps). Privatization would create incentives for 
electricity conservation and for the acquisition of 
energy-efficient appliances and devices without any need 
for specific governmental efficiency standards. Further, 
electric companies would be drivcti to connect witii one 
another to en.sure txdinbility to their customers rnther 
than doing the minimum pcwsible to sati.sfy rcgukitor.s, 

Wcuev SuppN. Full pricing of water and full privatization 
of the water .supply, drinking water plants, and waste- 
water treatment plants would amelioizuc many climatic 
risks incrcinentally <.>vcr time, including floi'idiiig, sea- 
water intrusum, and coastal and river pi.)lIution from 
storm runoff, ('barging the full price for water, from 
supply to di.sposai, would create a price signal for con- 
sumers regarding the real risks they lace living in hydro- 
logicaily sensitive aieas and create incentives for 
conservation while producing a revenue stream to allow 
for expanded capability or the securing of alternative 
supplies. At -some point, again, high prices could simply 
lead people tc> move away from areas that are hydrtdogi- 
cally costly, .such as cities dependent on a single winter 
snow pack that shrink.s or a single major river that .suf- 
fers redueexi tl<sw. 
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Floodini:^. Whai is iiot achieved by removing insurance 
subsidies in flooti-prorie areas can be managed through 
the creatiiMi of privately administeresi hydri>logic itril- 
irics, which would he financed by flcxxl-protection fees 
charged to residents of flood-prone areas. Again, such a 
system creates ;i price signal that catt show when it is 
and when it is not efficient to niisc the height of tt 
le\ cc, for example, or to expand permeable surfacing 
requirements in development. The cost of paying for 
such activities would send the consumer a signal alxnit 
the true cost of liN'ing in flood-prone tireas and would 
ultimately lead tiuise who could not afford to fully 
tinance their level (.if risk to reliKate fi> -stifer areas. 

Trust in Resilience, but Tie Up Your Came! 

In the event that climate change does rend toward 
higher estimates pur forward by the Unired Nations and 
other groups, it is reasonahle to consider insurance 
options thtir might help deal with such climate changes. 
Such Options might include government investment in 
geoenginecring research, investment in research and 
development to advance technologies allowing the 
removal of GHGs from the atmosphere, and possibly 
the creation of a climate adaptation fund ro he uso(.l 
when stare and local governments find themselves 
unable ro cope with a given climate change, or even to 
compensate others should it ultimately he shown rhat 
U,S. emissions of GHGs have caused harm to other 
countries or the property of other individuals. 

It has iotig hecfi known that certain types of ri.slc are 
not suited t:o artempted prevention hut instead mu.st he 
met witlt the resilience necxled ro live with the risk, 
edimate change is one .such risk that is, as the wxirld is 
iticreasingly ois.serving, virtually itnpixssihlc to prevent, 
wherlier it is tnanmade or natural. 

A> efforts to mitigate Gi IGs fail around the world, 
it is long pa.st time to hroa(.len the tools available r«' us 
ifi order to make our society resilient to climate ri.sk. 
Rather than remain largely focused on the L|ujx(nic 
effort to reduce ( il iCj emi.ssions or to stand athwart the 
stream (.4 ciimati’ ani.1 shmit “slop, enough!” we should 
shift the majority ol our policymaking attention to an 
agenda of resilience huildirtg and adaptation, two areas 
with vvitich governmenrs particularly struggle. Plan R 
for climate resilience should consist of an aggressive 
program of resilience building through the elimination 
of risk suKsii.lics and the privatisation of infrastructure. 
Other subsidies and regulations rhat make the twerall 


economy more brittle in the face of climate change 
would also he riiH' targets for remoN’al, such as those 
which jx'rmeatc energy and water markets. 
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Executive Summary 

This report responds to a request to the Energy Information Administration (EIA) from Chairman 
Henry Waxman and Chairman Edward Markey for an analysis of H.R, 2454, the American Clean 
Energy and Security Act of 2009 (ACESA).’ ACESA, as passed by the House of Representatives on 
June 26, 2009, is a complex bill that regulates emissions of greenhouse gases through market-based 
mechanisms, efficiency programs, and economic incentives. 

The Title III cap-and-trade program for greenhouse gas (GHG) emissions, which covers roughly 84 
percent of total U.S, GHG emissions by 2016, is in many respects the centerpiece of the bill and the 
primary driver of the results presented in this report. The program subjects covered emissions to a 
cap that declines steadily between 2012 and 2050. The cap requires a 1 7- percent reduction in 
covered emissions by 2020 and an 83-percent reduction by 2050, both relative to a 2005 baseline, 
with targets that decline steadily for intermediate years. Compliance is enforced through a 
requirement for entities subject to the cap to submit allowances, which are bankable, sufficient to 
cover their emissions. Allowance obligations may also be offset by reductions in domestic emissions 
of exempted sources, by international offsets, or by emission allowances from other countries with 
comparable laws limiting emissions. Maximum offsets from domestic and international sources are 
each capped separately at I billion metric tons (BMT) in each year of the program, with the proviso 
that up to 500 million metric tons (MMT) of the domestic offset cap may be shifted to the 
international offset cap if the Administrator of the Environmental Protection Agency (EPA) 
determines that a sufficient supply of domestic offsets is not available. In addition to its centerpiece 
cap-and-trade program. Title III also includes additional GHG standards, dedicated programs to limit 
hydrofluorocarbon (HFC) emissions and black carbon, and provisions governing markets in carbon- 
related derivatives. 

Title I contains provisions related to a Federal combined efficiency and renewable electricity 
standard for electricity sellers, carbon capture and storage technology, performance standards for 
new coal-fueled power plants, research and development support for electric vehicles, support for 
deployment of a smart grid, and establishment of a Clean Energy Deployment Administration. Title 
11 includes provisions related to building, lighting, appliance, and vehicle energy efficiency 
programs. Title IV includes provisions to preserve domestic competitiveness and support workers, 
provide assistance to consumers, and support domestic and international adaptation initiatives. Title 
V addresses the role of domestic agricultural and forestry-related offsets in the Title III cap-and- 
trade program. 

This report considers the energy-related provisions in ACESA that can be analyzed using EIA s 
National Energy Modeling System (NEMS). The Reference Case used as the starting point for the 
analysis in this report is an updated version of the Annual Energy Outlook 2009 {AE02009) 
Reference Case issued in April 2009 that reflects the projected impacts of the American Recovery 
and Reinvestment Act as well as other significant energy legislation, including the Energy 
Improvement and Extension Act of 2008, the Energy Independence and Security Act of 2007, and 


The request letter from Chairman Waxman and Chairman Markey is provided in Appendix A. 
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the Energy Policy Act of 2005^, Cumulative GHG emissions covered by the Title III cap-and-trade 
program over the 2012 to 2030 period are estimated to be 1 13.4 BMT in C02-equivalent terms. 

Key provisions of ACESA that are represented in the policy cases developed in this analysis 
include’: 

. the GHG cap-and-trade program for gases other than MFCs, including provisions for the 
allocation of allowances to electricity and natural gas distribution utilities, low-income 
consumers, State efficiency programs, rebate programs, energy-intensive industries, and other 
specified purposes; 

• the combined efficiency and renewable electricity standard for electricity sellers; 

• the carbon capture and storage (CCS) demonstration and early deployment program; 

• Federal building code updates for both residential and commercial buildings; 

. Federal efficiency standards for lighting and other appliances; 

• technology improvements driven by the Centers for Energy and Environmental Knowledge and 
Outreach; and 

• the smart grid peak savings program. 

While this analysis is as comprehensive as possible given its timing, it does not address all the 
provisions of ACESA. Provisions that are not represented include the Clean Energy Deployment 
Administration, the strategic allowance reserve, the separate cap-and-trade program for HFC 
emissions, the GHG performance standards for activities not subject to the cap-and-trade program, 
the distribution of allowances to coal merchant plants, new efficiency standards for transportation 
equipment, and the effects of increased investment in energy research and development. Of these 
provisions, the Clean Energy Deployment Administration may have the most significant potential to 
alter the reported results. 

Like other ElA analyses of energy and environmental policy proposals, this report focuses on the 
impacts of those proposals on energy choices made by consumers in all sectors and the implications 
of those decisions for the economy. This focus is consistent with ElA’s statutory mission and 
expertise. The study does not account for any possible health or environmental benefits that might be 
associated with curtailing GHG emissions. 

Finally, while the emissions caps in the ACESA cap-and-trade program decline through the year 
2050, the modeling horizon in this report runs only through 2030, the projection limit of NEMS. As 
in EIA analyses of earlier cap-and-trade proposals, the need to pursue higher-cost emissions 
reductions beyond 2030, driven by tighter caps and continued economic and population growth, can 


The development of the updated Reference Case is described in a recent EIA report. An Updated Annual Energy 
Outlook 2009 Reference Case Reflecting Provisions of the American Recovery and Reinvestment Act and Recent 
Changes in the Economic Outlook, SR/OIAF/2009-03 (Washington, DC, April 2009), web site 
http://www.eia.doe.eov/oiaf/servicerDt/stimulus/index.html . 

Detailed descriptions of the assumptions used and changes made to the National Energy Modeling System to represent 
the provisions of the American Clean Energy and Security Act are provided in Appendix B. 
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be reflected in the modeling by assuming that a positive bank of allowances is held at the end of 
2030 in all but one case. 


Analysis Cases 

ElA prepared a range of analysis cases for this report. The six main analysis cases discussed in this 
Executive Summary, while not exhaustive, focus on two key areas of uncertainty that impact the 
analysis results. 

The role of offsets is a large area of uncertainty in any analysis of ACESA. The 2-BMT annual limit 
on total offsets in ACESA is equivalent to one-third of total energy-related GHG emissions in 2008 
and represents nearly six times the projected growth in energy-related emissions through 2030 in the 
Reference Case used in this analysis. 

While the ceiling on offset use is clear, their actual use is an open question. Beyond the usual 
uncertainties related to the technical, economic, and market supply of offsets, the future use of 
offsets for ACESA compliance also depends both on regulatory decisions that are yet to be made by 
the EPA, on the timing and scope of negotiations on international agreements or arrangements 
between the United States and countries where offset opportunities may exist, and on emissions 
reduction commitments made by other countries. Also, limits on offset use in ACESA apply 
individually to each covered entity, so that offset “capacity” that goes unused by one or more 
covered entities cannot be used by other covered entities. For some major entities covered by the 
cap-and-trade program, decisions regarding the use of offsets could potentially be affected by 
regulation at the State level. Given the many technical factors and implementation decisions 
involved, it is hardly surprising that analysts’ estimates of international offset use span an extremely 
wide range. One recent analysis doubts that even 1 50 MMT of international offsets will be used by 
2020, while another posits that 1 BMT of international offsets will be used almost immediately from 
the start of the program in 2012, followed by a quick rise towards an expanded 1.5-BMT ceiling 
shortly thereafter. 

The other major area of uncertainty In assessing the energy system and economic impacts of ACESA 
involves the timing, cost, and public acceptance of low- and no-carbon technologies. For the period 
prior to 2030, the availability and cost of low- and no-carbon baseload electricity technologies, such 
as nuclear power and fossil (coal and natural gas) with CCS, which can potentially displace a large 
amount of conventional coal-fired generation, is a key issue. However, technology availability over 
an extended horizon is a two-sided issue. Research and development breakthroughs over the next 
two decades could expand the set of reasonably priced and scalable low- and no-carbon energy 
technologies across all energy uses, including transportation, with opportunities for widespread 
deployment beyond 2030. The achievement of significant near-term progress towards such an 
outcome, however, could significantly reduce the size of the bank of allowances that covered entities 
and other market participants would want to carry forward to meet compliance requirements beyond 
2030. 
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With these key uncertainties in mind, the main analysis cases discussed in this report are as follows: 

• The ACESA Basic Case represents an environment where key low-emissions technologies, 
including nuclear, fossil with CCS, and various renewables, are developed and deployed on a 
large scale in a timeframe consistent with the emissions reduction requirements of ACESA 
without encountering any major obstacles. It also assumes that the use of offsets, both domestic 
and international, is not severely constrained by cost, regulation, or the pace of negotiations with 
key countries covering key sectors. In anticipation of increasingly stringent caps and rising 
allowance prices after 2030, covered entities and investors are assumed to amass an aggregate 
allowance bank of approximately 13 BMT by 2030 through a combination of offset usage and 
emission reductions that exceed the level required under the emission caps. 

• The ACESA Zero Bank Case is similar to the Basic Case except that no banked allowances are 
held in 2030, reflecting the assumed availability of a broad array of reasonably priced low- and 
no-carbon technologies that can provide an alternative path to compliance with tighter emissions 
caps after 2030 through reductions across all energy uses, including transportation, 

• The ACESA High Offsets Case is similar to the Basic Case except that it assumes the near- 
immediate use of international offsets at levels at or close to the specified aggregate ceiling, 
without regard to possible institutional or market impediments. 

• The ACESA High Cost Case is similar to the Basic Case except that the costs of nuclear, coal 
with CCS, and dedicated biomass generating technologies are assumed to be 50 percent higher. 

• The ACESA No International Case is similar to the Basic Case, but represents an environment 
where the use of international offsets is severely limited by cost, regulation, and/or slow progress 
in reaching international agreements or arrangements covering offsets in key countries and 
sectors. 

• The ACESA No International/Limited Case combines the treatment of offsets in the ACESA 
No International Case with an assumption that deployment of key technologies, including 
nuclear, fossil with CCS, and dedicated biomass, cannot expand beyond their Reference Case 
levels through 2030.'* 

The full report discusses a number of additional analysis cases, including an accelerated Corporate 
Average Fuel Efficiency (CAFE) standards (35CAFE2016) case that incorporates the acceleration in 
fuel economy standards for light-duty vehicles announced by the Administration in May 2009, a 5- 
percent discount case that adopts an alternative view of real escalation in allowance prices (Low 
Discount), a case with limitations to the penetration of nuclear, CCS, and biomass gasification 
capacity (Limited Alternatives), an accelerated energy technology (High Tech) case, and a higher 
level of allowance banking (High Banking) case. 


* This case was originally included in EiA's April 2008 analysis of the Lieberman-Warner Climate Security Act (S. 
2191) pursuant to a request from Senators Batrasso, Inhofe, and Voinovich. 


viii 


Energy Information Administration / Energy Market and Economic Impacts of H.R. 2454, the ACESA of 2009 



1109 


ElA cannot attach probabilities to the individual policy cases. However, both theory and common 
sense suggest that cases that reflect an unbroken chain of either failures or successes in a series of 
independent factors are inherently less likely than cases that do not assume that everything goes 
either wrong or right. In this respect, the No Intemational/Limited and Zero Bank Cases might be 
viewed as more pessimistic and optimistic scenarios, respectively, which bracket a set of more likely 
cases. Similarly, if actual access to international offsets is dependent on a series of independent 
regulatory and negotiating outcomes, cases with intermediate access to international offsets might be 
viewed as more likely than those representing either complete and immediate success across the 
board (High Offsets), or a permanent lack of progress (No International) in such activities. 

Key Findings 

Given the potential of offsets as a low-cost compliance option, the amount of reduction in 
covered emissions is exceeded by the amount of compliance generated through offsets in most 
of the main analysis cases (Figure ES-1). Cumulative compliance between 2012 and 2030, 
including reductions both in domestic emissions of covered gases and in domestic and international 
offsets, ranges from 24.4 BMT to 37.6 BMT carbon dioxide (C02)-equivalent emissions in the main 
analysis cases, representing a 21-percent to 33-percent reduction from the level of cumulative 
covered emissions projected in the Reference Case.^ In the ACESA Basic Case, domestic abatement 
of covered gases represents only 39 percent of cumulative compliance. In the ACESA High Offsets 
Case, where the maximum quantity of international offsets is used immediately at the start of the 
program in 2012, domestic abatement in covered gases accounts for Just 22 percent of the 
cumulative compliance. Reductions in the emissions of energy-related CO 2 account for more than 
half of projected cumulative compliance through 2030 only in the cases where international offsets 
are not assumed to be available. 

The vast majority of reductions in energy-related emissions are expected to occur in the 
electric power sector. Across the ACESA main cases, the electricity sector accounts for between 
80 percent and 88 percent of the total reduction in energy-related CO 2 emissions relative to the 
Reference Case in 2030. Reductions in electricity-sector emissions are primarily achieved by 
reducing the role of conventional coal-fired generation, which in 2007 provided 50 percent of total 
U.S. generation, and increasing the use of no- or low-carbon generation technologies that either exist 
today (e.g. renewables and nuclear) or are under development (fossil with CCS). In addition, a 
portion of the electricity-related CO 2 emissions reductions results from reduced electricity demand 
stimulated both by consumer responses to higher electricity prices and incentives in ACESA to 
stimulate greater efficiency in energy use. 

If new nuclear, renewable, and fossil plants with CCS are not developed and deployed in a 
timeframe consistent with emissions reduction requirements under ACESA, covered entities 
are expected to respond by increasing their use of offsets, if available, and by turning to 
increased natural gas use to offset reductions in coal generation. While natural gas generation is 
expected to fall below the Reference Case level in most ACESA Cases, in the ACESA No 
Intemational/Limited Case natural gas generation is 68 percent above the Reference Case level by 


^ This overall compliance level includes both the projected cumulative 24.6-BMT-difference between the Reference 
Case projection and tbe ACESA cap on covered CO.-equivalent emissions between 2012 and 2030 and tbe accumulation 
of an additional 13 BMT in allowances that are banked for use in post-2030 compliance. 
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2030, due to the assumed limited availability of international offsets, new plants with CCS, as well 
as new nuclear and dedicated biomass capacity (Table ES- 1 ). 

Figure ES-1. Components of Cumulative Compliance in ACESA Main Cases, 2012-2030 

(billion metric tons C02-equivalent) 

■ Required Abatement BOffsets. International 

□ Offeets.Noncovered emissions BOfeets. Biosequestration 

SNon-Energy'C02coveredemissions gCarbon Capture and Storage 

13 Energy-Related C02 


40 



Basic ZeroBank HighOffsets HighCost No No Infl/Limited 

International 


Source: National Energy Modeling System tuns, STrMUUIS,D0414t)9A. HR2454CAP.IXI72909A, HR24S4NOBNK D07290!IA 
HR24S4HIOFF.D072909A, IIR24,44HC,D(I72909A. HR2454NOINTD072909A, and HR2454NIB1V.D072909A. 

Emissions reductions from changes in fossil fuel use in the residential, commercial, industrial 
and transportation sectors are small relative to those in the electric power sector. Taken 
together, changes in fossil fuel use in these sectors account for between 12 percent and 20 percent of 
the total reduction in energy-related CO 2 emissions relative to the Reference Case in 2030, reflecting 
both lesser percentage changes in delivered fossil fuel prices than experienced by the electricity 
generation sector and the low availability of alternatives in many applications (Figure ES-2). For 
example, motor gasoline prices in the ACESA Basic Case are only 20 cents per gallon higher than in 
the Reference Case in 2020 and 35 cents per gallon higher in 2030 (in 2007 dollars). In addition, 
since all cases include the 35-mile-per-gallon CAFE standard enacted in the Energy Independence 
and Security Act of 2007, many of the most cost-effective vehicle efficiency options are adopted in 
all cases, including the Reference Case. Beyond reductions in direct fuel use, the reduction in 
electricity demand, which ranges from 4.1 percent to 14.7 percent below the Reference Case level in 
2030 across the main policy cases, makes an important contribution to the overall reduction in 
electricity-related emissions. 
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Figure ES-2. Primary Energy Consumption by Fuel in Main ACESA Cases, 2030 

(quadriliion Btu) 



Source: Nationai Energy Modeling Syslem i-uns, STIMULUS-D04i^9A, HR2454CAP.D072909A, HR2454NOBNK D072909A 
.HR2454H!OFF,D0729n9A. HR2454HC,D()72909A. HR2454NO1NT.D072909A. and HR2454N1BIV.I)072909A. 


GHG allowance prices are sensitive to the cost and availabilitv' of emissions offsets and low-and 
no-carbon generating technologies. Allowance prices in the ACESA Basic Case are projected at 
$32 per metric ton in 2020 and $65 per metric ton in 2030. Across all main analysis cases, 
allowance prices range from $20 to $93 per metric ton in 2020 and from $41 to $191 (2007 dollars) 
per metric ton in 2030 (Figure ES-3). The lower prices in the range occur in cases where 
technological options such as CCS and adoption of new nuclear power plants can be deployed on a 
large scale before 2030 at relatively low costs, the use of international offsets helps to hold down 
compliance costs, and/or optimism about future technology availability holds down the near-term 
incentive to bank allowances for use beyond 2030 (ACESA Basic, ACESA High Offset, and/or 
ACESA Zero Bank cases). Higher allowance prices occur if international offsets are unavailable, 
particularly if it is also the case that low- or no-emission baseload electricity supply technologies 
cannot be expanded beyond the Reference Case level (ACESA No International and ACESA No 
International/Limited cases). 

ACESA increases energy prices, but effects on electricity and natural gas bills of consumers 
are substantially mitigated through 2025 by the allocation of free allowances to regulated 
electricity and natural gas distribution companies. Except for the ACESA No 
International/Limited Case, electricity prices in five of the six main ACESA cases range from 9.5 to 
9.6 cents per kilowatlhour in 2020, only 3 to 4 percent above the Reference Case level. Average 
impacts on electricity prices in 2030 are projected to be substantially greater, reflecting both higher 
allowance prices and the phase-out of the free allocation of allowances to distributors between 2025 


” The average electricity price in the No Intemationai/Limited case in 2020 is 10.7 cents per kilowatthour. 
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and 2030. By 2030, electricity prices in the ACESA Basic Case are 12.0 cents per kilowatthour, 19 
percent above the Reference Case level, with a wider band of 1 1 . 1 cents to 17.8 cents ( 1 0 to 77 
percent above the Reference Case level) across all six main policy cases. 


Figure ES-3. Allowance Prices in Main ACESA Cases, 2012-2030 
(2007 dollars per metric ton COs-equivalent) 



Source: Nalionai Energy Modeling Systctn runs, .STIMULUS D041409A. HR2454CAr.D072909A, HR2454NOBNK,D072909A, 
HR24.94HIOFF, 13072909 A. HR24.54HC.D072909A. HR2454NOI.NTD(I72909A. and HR2454NIBIV,D0729()9A. 


ACESA increases the cost of using energy, which reduces real economic output, reduces 
purchasing power, and lowers aggregate demand for goods and services. The result is that 
projected real gross domestic product (GDP) generally falls relative to the Reference Case. 

Total discounted GDP losses over the 2012 to 2030 time period are $566 billion (-0.3 percent) in the 
ACESA Basic Case, with a range from $432 billion (-0.2 percent) to $1,897 billion (-0.9 percent) 
across the main ACESA cases (Table ES-2). Similarly, the cumulative discounted losses for 
personal consumption are $273 billion (-0.2 percent) in the ACESA Basic Case and range from $196 
billion (-0. 1 percent) to $988 billion (-0.7 percent). GDP losses in 2030, the last year explicitly 
modeled in this analysis, range from $104 billion to $453 billion (-0.5 to -2.3 percent), while 
consumption losses in that year range from $36 billion to $180 billion (-0.3 to -1.3 percent). The 
estimated 2030 GDP and consumption losses in the ACESA No Intemational/Limited Case, at the 
top of these ranges, are nearly or more than twice as large as those in the ACESA No International 
and High Cost Cases, which have the next highest level of impacts. 

Consumption and energy bill impacts can also be expressed on a per household basis in 
particular vears. In 2020. the reduction in household consumption is $ 1 34 (2007 dollars) m the 
ACESA Bake Case, with a range of $30 to $362 across all main ACESA cases. In 2030, household 
con,sumption is reduced bv $339 in the ACESA Basic Case, with a range of $1 57 to $850 per 
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household across all main ACESA cases. By 2030, the estimated reductions in household 
consumption in the ACESA No Intemational/Limited Case, at the top of these ranges, are 
approximately double the impacts in the ACESA High Cost Case, which has the next highest level 
of impacts. 


Table ES-2. Macroeconomic Impacts of ACESA Cases Relative to the Reference Case 


(billion 2000 dollars, except where noted) 



Basic 

Zero 

Bank 

High 

Offsets 

High 

Cost 

No 

Internati 

onal 

No int / 
Limited 

j Cumulative Real impacts 2012-2030 (present value usinq 4-percent discount rate) 

GDP 







Change 

-566 

-432 

-523 

-781 

-717 

-1897 

Percent Change 

- 0 . 3 % 

- 0 . 2 % 

- 0 . 2 % 

- 0 . 4 % 

- 0 . 3 % 

- 0 . 9 % 

I Consumption 

Change 

-273 

-196 

-252 

-384 

-323 

-988 

Percent Change 

- 0 . 2 % 

- 0 . 1 % 

- 0 . 2 % 

- 0 . 3 % 

- 0 . 2 % 

- 0 . 7 % 

I Industrial Shipments (excludes services) 

Change 

-910 

-753 

-480 

-958 

-1720 

-2877 

Percent Change 

- 1 . 0 % 

- 0 . 8 % 

- 0 . 5 % 

- 1 . 1 % 

- 1 . 9 % 

- 3 . 2 % 

Nominal Revenue 
Collected 2012-2030’ 

2971 

1292 

1332 

2299 

3462 

6350 

2020 impacts (not discounted) 

GDP 

Change 

-50 

-19 

-26 

-70 

-34 

-112 

Percent Change 

- 0 . 3 % 

- 0 . 1 % 

- 0 . 2 % 

- 0 . 5 % 

- 0 . 2 % 

- 0 . 7 % 

I Consumption 

Change 

-21 

-7 

-11 

-30 

-15 

-64 

Percent Change 

- 0 . 2 % 

- 0 . 1 % 

- 0 . 1 % 

- 0 . 3 % 

■BlESi 

mmasm 

I Industrial Shipments (excludes services) 

Change ^ 

•68 

-54 

-32 

-69 

HHBDSOi 

■■EOll 

Percent Change 

- 1 . 0 % 

- 0 . 8 % 

- 0 . 5 % 

- 1 . 0 % 



Nominal Revenue 
Collected* 

ZIj 

44 

46 

79 


215 

2030 Impacts (not discounted) 

^GDP 

Change 

-161 

-104 

-120 

-214 

-226 

-453 

Percent Change 

- 0 . 8 % 

- 0 . 5 % 

- 0 . 6 % 

- 1 . 1 % 

- 1 . 1 % 

- 2 . 3 % 

consumption j 

Change 

-63 

-36 

-50 

-97 

-69 

-180 

Percent Change 

- 0 . 4 % 

- 0 . 3 % 

- 0 . 4 % 

- 0 . 7 % 

- 0 . 5 % 

- 1 . 3 % 

Industrial shipments (excludes services) I 

Change 

-183 

-125 

-87 

-198 

-338 

-506 

Percent Change 

- 2 . 5 % 

- 1 . 7 % 

- 1 - 2 % 

- 2 . 7 % 

- 4 . 6 % 

- 6 . 8 % 

Nominal Revenue 
Collected* 

330 

205 

211 

367 

556 

1030 


Includes revenues from allowance auctions and revenues generated by the resale of diowances distributed to non-emitters These values are r 
discounted. 

Note: All changes shovm are relative to the updated AE02009 Reference Case, 

Soiu-ce: National Energy Modeling System runs, STIMULUS.D041409A, HR2454CAP.D072909A, HR2454NOBNK D072909A 
HR2454HIOFF.D072909A, HR2454HC.D072909A, HR2454NOINT.D072909A. and HR24S4NIBIV,D072909A. 
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The free allocation of output-based allowances reduces the impact of ACESAon energy- 
intensive, trade- vulnerable industries. Receiving free allowances in proportion to output softens 
the impacts of increased energy prices on these industries. As a result, when energy prices increase 
under ACESA, the reductions in output of these trade- and energy-vulnerable industries are less than 
overall manufacturing impacts and mirror the impacts of total industrial shipments. The discounted 
cumulative percent losses of energy-intensive industrial output range from -0.5 percent to -3.6 
percent from 2012-2030 compared to manufacturing losses of -0.5 percent to -4.3 percent. 


Additional Insights 

The role of baseline assumptions. The choice of a baseline is one of the most influential 
assumptions for any analysis of global climate change legislation. This analysis uses the updated 
Reference Case of the AE02009 as a starting point. These projections and our analysis are not 
meant to be exact predictions of the future but represent plausible energy futures given technological 
and demographic trends, current laws and regulations, and consumer behavior as derived from 
available data. EiA recognizes that projections of energy markets over a nearly 25-year period are 
highly uncertain and subject to many events that cannot be foreseen, such as supply disruptions, 
policy changes, and technological breakthroughs. In addition to these phenomena, long-term trends 
in technology development, demographics, economic growth, and energy resources may evolve 
along a different path than expected in the projections. Generally, differences between cases, which 
are the focus of our report, are likely to be more robust than the specific projections for any one case. 
The published AEO20Q9, which includes numerous cases reflecting a variety of alternative futures 
for the economy, energy markets, and technology, is a resource that can be used to examine the 
implications of alternative baselines. 

The strategic allowance reserve. The strategic allowance reserve, which focuses on the important 
issue of short-term volatility in allowance prices, is not addressed in this analysis. As currently 
structured, the strategic allowance reserve, following a startup period, relies on a “trigger price” for 
auctions that is set in relation to recent allowance prices. Such an approach does not appear to 
preclude a scenario in which allowance prices evolve along a “high” trajectory given underlying 
conditions that would support such an outcome, such as those examined in the No International and 
No Intemational/Limited cases. Also, the strategic allowance reserve, in contrast to other cost- 
containment mechanisms that more directly tie compliance pressure to the level of compliance costs 
or other measures of economic impact, would be unlikely to discourage stakeholders who view GHG 
emissions limitation as the highest environmental protection priority from pursuing efforts to block 
the deployment of nuclear power, CCS, or other technologies that, from their perspective, may raise 
important, but lesser, concerns. Therefore, as discussed in earlier EIA analyses, decisions regarding 
the design of a cost-containment mechanism can affect the public acceptance of key low- and no- 
carbon technologies that may be part of a cost-effective compliance mix. 

Free allowance allocation to electricity and natural gas distributors. The analysis shows that the 
free allocation of allowances to electricity and natural gas distributors significantly ameliorates 
impacts on consumer electricity and natural gas prices prior to 2025, when it starts to be phased out. 
While this result may serve goals related to regional and overall fairness of the program, the overall 
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efficiency of the cap-and-trade program is reduced to the extent that the price signal that would 
encourage cost-effective changes by consumers in their use of electricity and natural gas is delayed. 

Electricity capacity siting challenges. Besides changing the projected mix of new electricity 
generation capacity, compliance with ACESA will also significantly increase the total amount of 
new electric capacity that must be added between now and 2030 due to the retirement of many 
existing coal-fired power plants that otherwise would be expected to continue operating beyond 
2030. Obstacles to siting major electricity generation projects and/or the transmission facilities 
needed to support the greatly expanded use of renewable energy sources are not explicitly 
considered in this report. However, the additional capacity needs in all of the ACESA cases suggest 
the need for review of siting processes so that they will be able to support a large-scale 
transformation of the Nation’s electricity infrastructure by 2030. 

Challenges beyond 2030. As previously noted, the modeling horizon for this analysis ends in 2030. 
Unless substantial progress is made in identifying low- and no-carbon technologies outside of 
electricity generation, the ACESA emissions targets for the 2030-to-2050 period are likely to be very 
challenging as opportunities for further reductions in power sector emissions are exhausted and 
reductions in other sectors are thought to be more expensive. 
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Background and Scope of the Analysis 

Background 

This report responds to a request from Chairman Henry Waxman and Chairman Edward Markey 
for an analysis of H.R. 2454, the American Clean Energy and Security Act of 2009 (ACESA)/ 
ACESA, as passed by the U.S. House of Representatives on June 26, 2009, is a complex bill that 
regulates emissions of greenhouse gases (GHGs) through a variety of market-based mechanisms, 
efficiency programs, and economic incentives. The bill includes four titles designed to spur 
clean energy development, increase investment in energy efficiency, reduce global warming 
pollution, and transition to a clean energy economy. 

Clean Energy 

Title 1 of H.R. 2454 focuses primarily on the development of clean energy resources. It 
establishes a combined efficiency and renewable electricity standard (CERES) requiring that all 
retail electricity suppliers with annual sales above 4 million megawatthours meet 20 percent of 
their load with qualified renewable energy sources or electricity efficiency savings by 2020. 
One-fifth of the requirement can initially be met with efficiency savings, with the possibility of 
an additional 20 percent if approved by the Federal Energy Regulatory Commission. 

Title 1 also includes provisions to spur the commercialization of carbon capture and storage 
(CCS) technology, encourage increased investment in energy efficiency through allowance 
distributions to States, stimulate reductions in peak electricity loads, and motivate investment in 
an electric vehicle infrastructure. In addition, it establishes a Clean Energy Deployment 
Administration to promote the domestic development and deployment of clean energy 
technologies, including advanced or enabling infrastructure technologies, energy efficiency 
technologies, and related manufacturing technologies, through partnership with and support of 
the private capital market. 

Energy Efficiency 

Title II of H.R. 2454 focuses on improving energy efficiency. It requires revisions to building 
codes for both new construction and existing facilities. It provides financial assistance for 
efficiency retrofit projects in existing buildings and calls for the development of new efficiency 
standards for several lighting and appliance applications, such as street lights, parking lot lights, 
portable light fixtures, hot food holding cabinets, bottle-type drinking water dispensers, 
commercial grade natural gas furnaces, and portable spas (hot tubs). 

In order to address transportation efficiency. Title II directs the Environmental Protection 
Agency (EPA) and the Department of Transportation (DOT) to set GHG emission standards for 
heavy highway vehicles, non-road vehicles, and aircraft. It requires States to develop 
transportation GHG reduction plans and calls for EPA to expand its fuel-saving technologies 
deployment program. The Department of Energy (DOE) is also directed to establish further 


’ The request letter from Chairman Waxman and Chairman Markey is provided in Appendix A, 
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standards for industrial energy efficiency, create an awards program for increasing efficiency in 
the thermal electricity generation process, and clarify the waste-to-heat energy incentives in the 
Energy Independence and Security Act of 2007 (EISA 2007). 

Reducing Global Warming Pollution 

Title III of H.R. 2454 focuses on reducing GHG emissions by establishing a cap on emissions 
beginning in 2012 that covers electricity generators, liquid fuel refiners and importers, and 
fluorinated gas manufacturers. In 2014, the cap is expanded to include industrial sources that 
emit greater than 25,000 tons of carbon dioxide-(C02) equivalent emissions, and in 2016 it is 
further expanded to include retail natural gas distribution companies. Relative to their emissions 
in 2005, covered sources must reduce their emissions 3 percent by 2012, 17 percent by 2020, 58 
percent by 2030, and 83 percent by 2050. It provides for unlimited banking of allowances, while 
borrowing future allowances to meet current compliance obligations is allowed with some 
restrictions. 

Title III also allows covered entities to offset up to 2 billion metric tons (BMT) of CO 2 - 
equivalent emissions through the use of domestic and international offsets. The offset limits are 
applied on a pro-rata basis to individual covered entities. The annual percentage of offsets a 
covered entity can use to comply with its limit is determined by dividing 2 billion by the sum of 
2 billion and the number of allowances issued for the previous year. The pro-rata limit can 
therefore restrict offset usage independently of the overall 2-BMT limit. Under the overall limit, 
the title allows 1 BMT of international offsets and 1 BMT of domestic offsets. Furthermore, 
beginning in 2018, five international offsets must be submitted to account for four allowances. 

As with the overall limit, domestic and international offsets under the pro-rata limit can each be 
no more than half the total. However, if the EPA Administrator expects the availability of 
domestic offset credits to be less than 900 million metric tons (MMT), given expected allowance 
prices, then the maximum percentage of international offsets is increased to reflect an amount 
equal to 1,000 MMT less the expected domestic offset availability, up to 500 MMT. 

International allowances can also be used for compliance, provided that they originate from a 
program with mandatory emissions reductions and have not been used already to comply with 
another program. The authority to designate a limit on the use of international allowances is 
granted to EPA. Title V addresses the role of domestic agricultural and forestry-related offsets in 
the Title III cap-and-trade program. 

Transitioning to Clean Energy Economy 

Title fV of H.R. 2454 includes provisions intended to mitigate adverse economic impacts caused 
by the provisions of Title III. It directs EPA to provide rebates for industrial facilities that it 
determines face significant additional costs as a result of Title III. It also authorizes tax credits 
and refunds for low income energy consumers, in order to compensate them for any losses in 
purchasing power due to higher energy costs and provides for financial assistance to workers 
who loose their job as a result of the Title III program. In addition, it authorizes an increase in 
grants for colleges and universities that are developing programs in clean energy technology and 
energy efficiency. 
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Representing H.R. 2454 in the National Energy Modeling System^ 

The analysis of energy sector and energy-related economic impacts of the various GHG emission 
reduction proposals in this report is based on results from the Energy Information 
Administration’s (EIA) National Energy Modeling System (NEMS). NEMS projects emissions 
of energy-related CO 2 emissions resulting from the combustion of fossil fuels, representing about 
84 percent of total U.S. GHG emissions today. The emissions in NEMS account for the vast 
majority of total emissions covered by the main ACESA cap-and-trade program. 

The Reference Case used in this report was published in a recent EIA report, Updated Annual 
Energy Outlook 2009 Reference Case Reflecting Provisions of the American Recovery and 
Reinvestment Act and Recent Changes in the Economic Outlook.'^ The Reference Case is 
designed to reflect only current laws and polieies, so it explicitly avoids assumptions about 
“expected” policy changes such as future fuel economy standards, taxes, or new regulatory 
requirements for conventional pollutants or GHGs. For this reason, EIA Reference Case 
projections are not directly comparable with private energy forecasts that include estimates of 
policy change in their baseline scenarios. 

NEMS endogenously calculates changes in energy-related CO 2 emissions in the analysis cases. 
The eost of using each fossil fuel includes the costs associated with the GHG allowances needed 
to cover the emissions produced when they are used. These adjustments influence energy 
demand and energy-related CO 2 emissions. The GHG allowance priee also determines the 
reductions in projected baseline emissions of other GHGs based on assumed abatement cost 
relationships. With emission allowance banking, NEMS solves for the time path of permit prices 
such that cumulative emissions match the cumulative emissions target with price escalation 
consistent with the average cost of capital to the electric power sector. 

The NEMS Macroeconomic Activity Module (MAM), which is based on the IHS Global Insight 
U.S. Model, interacts with the energy supply, demand, and conversion modules of NEMS to 
solve for an energy-economy equilibrium. In an iterative process within NEMS, MAM reacts to 
changes in energy prices, energy consumption, and allowance revenues, solving for the effect on 
macroeconomic and industry level variables such as real gross domestic product (GDP), the 
unemployment rate, inflation, and real industrial output. 

Key provisions of ACESA that are represented in the policy cases developed in this analysis 
include: 

. the cap-and-trade program for GHGs other than hydrofluorocarbons (HFCs), including 

provisions for the allocation of allowances to electricity and natural gas distribution utilities, 
low-income consumers. State efficiency programs, rebate programs, energy-intensive 
industries, and other specified purposes, 

. the combined efficiency and renewable electricity standard for electricity sellers, 

** Detailed discussion of the changes made to the NEMS to represent ACESA is provided in Appendix B. 

’ Energy Information Administration, An Updated Annual Energy Outlook 2009 Reference Case Reflecting 
Provisions of the American Recovery and Reinvestment Act and Recent Changes in the Economic Outlook, 
SR/OIAF/2009-03 (Washington, DC, April 2009), http://www.eia.doe.gov/oiafyser v ic er pl/stimulus/inde , x,h t m l- 
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• the CCS demonstration and early deployment program, 

. Federal building code updates for both residential and commercial buildings, 

• Federal efficiency standards for lighting and other appliances, 

• technology improvements driven by the Centers for Energy and Environmental Knowledge 
and Outreach, and 

• the smart grid peak savings program. 

While this analysis is as comprehensive as possible given its timing, it does not address all the 
provisions of ACESA. Provisions that are not represented include the Clean Energy Deployment 
Administration, the strategic allowance reserve, the separate cap-and-trade program for HFC 
emissions, the GHG performance standards for activities not subject to the cap-and-trade 
program, the distribution of allowances to coal merchant plants, new efficiency standards for 
transportation equipment, and the effects of increased investment in energy research and 
development. Of these provisions, the Clean Energy Deployment Administration may have the 
most significant potential to alter the reported results. 

Like other ElA analyses of energy and environmental policy proposals, this report focuses on the 
impacts of those proposals on energy choices made by consumers in all sectors and the 
implications of those decisions for the economy. This focus is consistent with EIA’s statutory 
mission and expertise. The study does not account for any possible health or environmental 
benefits that might be associated with curtailing GHG emissions. 

Finally, while the emissions caps in the ACESA cap-and-trade program decline through the year 
2050, the modeling horizon in this report runs only through 2030, the projection limit of NEMS. 
As in EIA analyses of earlier cap-and-trade proposals, the need to pursue higher-cost emissions 
reductions beyond 2030, driven by tighter caps and continued economic and population growth, 
can be reflected in the modeling by assuming that a positive bank of allowances is held at the end 
of 2030 in all but one case. 


Analysis Cases 

Because of the complex interactions of the various policy instruments called for in ACESA, a 
large number of cases were prepared. These cases, while not exhaustive, are meant to explore 
key areas of uncertainty that impact the analysis results. 

The role of offsets is a large area of uncertainty in any analysis of ACESA. The 2-BMT annual 
limit on total offsets in ACESA is equivalent to one-third of total energy-related GFIG emissions 
in 2008 and represents nearly six times the projected growth in energy-related emissions through 
2030 in the Reference Case used in this analysis. 

While the ceiling on offset use is clear, their actual use is an open question. Beyond the usual 
uncertainties related to the technical, economic, and market supply of offsets, the future use of 
offsets for ACESA compliance also depends both on regulatory decisions that are yet to be made 
by the EPA, on the timing and scope of negotiations on international agreements or arrangements 
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between the United States and countries where offset opportunities may exist, and on emissions 
reduction commitments made by other countries. Also, limits on offset use in ACESA apply 
individually to each covered entity, so that offset “capacity” that goes unused by one or more 
covered entities cannot be used by other covered entities. For some major entities covered by the 
cap-and-trade program, decisions regarding the use of offsets could potentially be affected by 
regulation at the State level. Given the many technical factors and implementation decisions 
involved, it is hardly surprising that analysts’ estimates of international offset use span an 
extremely wide range. One recent analysis doubts that even 150 MMT of international offsets 
will be used by 2020, while another posits that I BMT of international offsets will be used 
almost immediately from the start of the program in 2012, followed by a quick rise towards an 
expanded 1 .5-BMT ceiling shortly thereafter. 

The other major area of uncertainty in assessing the energy system and economic impacts of 
ACESA involves the timing, cost, and public acceptance of low- and no-carbon technologies. 

For the period prior to 2030, the availability and cost of low- and no-carbon baseload electricity 
technologies, such as nuclear power and fossil (coal and natural gas) with CCS, which can 
potentially displace a large amount of conventional coal-fired generation, is a key issue. 
However, technology availability over an extended horizon is a two-sided issue. Research and 
development breakthroughs over the next two decades could expand the set of reasonably priced 
and scalable low- and no-carbon energy technologies across all energy uses, including 
transportation, with opportunities for widespread deployment beyond 2030. The achievement of 
significant near-term progress towards such an outcome, however, could significantly reduce the 
size of the bank of allowances that covered entities and other market participants would want to 
carry forward to meet compliance requirements beyond 2030. 


Main Analysis Cases 

• The ACESA Basic Case represents an environment where key low-emissions technologies, 
including nuclear, fossil with CCS, and various renewables, are developed and deployed on a 
large scale in a timeframe consistent with the emissions reduction requirements of ACESA 
without encountering any major obstacles. It also assumes that the use of offsets, both 
domestic and international, is not overly constrained by cost, regulation, or the pace of 
negotiations with key countries covering key sectors. In anticipation of increasingly 
stringent caps and rising allowance prices after 2030, covered entities and investors are 
assumed to amass an aggregate allowance bank of approximately 1 3 billion metric tons by 
2030 through a combination of offset usage and emission reductions that exceed the level 
required under the emission caps. 

• The ACESA Zero Bank Case is similar to the ACESA Basic Case but assumes that there is 
no accumulation of excess allowances for use beyond 2030. Instead, over the period 2012 to 
2030 the cumulative covered emissions net of offsets are assumed to match the cumulative 
quantity of allowances issued, leaving an approximate zero balance in 2030. This scenario 
might occur if allowance prices were widely expected to stabilize or drop off after 2030, 
limiting the financial incentives to accumulate and hold allowances. This would imply the 
availability of a broad array of reasonably priced low- and no-carbon technologies that can 
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provide an alternative path to compliance with tighter emissions caps after 2030 through 
reductions across all energy uses, including transportation. 

• The ACESA High Offsets Case is similar to the ACESA Basic Case except that it assumes 
that covered entities use the maximum allowable amount of international offsets beginning in 
2012, with such offsets available at prices competitive with allowances and the necessary 
bilateral agreements in place with the supplying countries. This case illustrates the potential 
impacts where greater use of international compliance options reduces the share of emissions 
reduction requirements that must be met domestically. In the ACESA Basic Case and other 
cases, it is assumed that international offsets will penetrate the U.S. market more gradually. 

• The ACESA High Cost Case is similar to the ACESA Basie Case except that the costs of 
nuclear, fossil with CCS, and biomass generating technologies are assumed to be 50 percent 
higher. There is great uncertainty about the costs of these technologies, as well as the 
feasibility of introducing them rapidly on a large scale. Cost estimates for these technologies 
rose rapidly from 2000 through 2008 and have only recently begun to moderate. The actual 
costs of these technologies will not become clearer until a number of full-scale projects are 
constructed and brought on line. 

• The ACESA No International Case is similar to the ACESA Basic Case but represents an 
environment where the use of international offsets is severely limited by cost, regulation, 
and/or slow progress in reaching international agreements or arrangements covering offsets 
in key countries and sectors. The regulations that will govern the use of offsets have yet to 
be developed and their availability will depend on actions taken in the United States and 
around the world. It is possible that some significant portion of the potential international 
offsets will not be able to meet all of the requirements set forth in ACESA or, in meeting 
them, will make them uneconomical. 

• The ACESA No Intemational/Limited Case combines the treatment of offsets in the 
ACESA No International Case with an assumption that deployment of key technologies, 
including nuclear, fossil with CCS, and dedicated biomass, cannot expand beyond their 
Reference Case levels through 2030. There is great uncertainty about how fast these 
technologies, the industries that support them, and the regulatory infrastructure that 
licenses/permits them might be able to grow and, for fossil with CCS, when the technology 
will be fully commercialized. For nuclear, this assumption limits new plant additions to 
roughly 1 1,000 megawatts, or 7 to 1 1 new generators, by 2030. For fossil with CCS, this 
assumption limits new plant additions to 2,000 megawatts of demonstration projects or 
roughly 4 to 8 commercial-sized plants. 

Additional Analysis Cases 

• The ACESA High Tech Case is similar to the ACESA Basic Case except that it incorporates 
the technology assumptions from the Integrated High Technology Case published in the 
Annual Energy Outlook 2009 (AE02009). This case illustrates the impact of more 
aggressive assumptions about technological improvements and their role in reducing GHG 
emissions. 

• The ACESA Low Discount Case is similar to the ACESA Basic Case except that it assumes 
a 5-percent discount rate for allowance-banking decisions. There is significant uncertainty 
about how the market for allowances will evolve and what rate of return investors in 
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allowances will require in order to hold allowance balances in anticipation of future higher 
compliance costs. 

• The ACESA 35CAFE2016 Case is similar to the ACESA Basic Case except that it also 
incorporates an accelerated schedule for raising the combined fuel economy standards for 
cars and light trucks to 35 miles per gallon in 2016, as announced by the White House in 
May 2009, 

• The ACESA High Banking Case similar to the ACESA Basic Case but assumes a greater 
level of allowances is banked from 2012 through 2030 and that covered entities and investors 
accumulate a 20-BMT allowance bank by 2030. Such a scenario could occur if widespread 
expectations of rising allowance prices spur market participants to make greater use of 
offsets and invest more heavily in emissions reduction opportunities early on, thus banking 
allowances for sale in the future. 

• The ACESA Limited Alternatives Case represents an environment where the deployment 
of key technologies, including nuclear, fossil with CCS, and biomass, is limited to their 
Reference Case levels through 2030. There is great uncertainty about how fast these 
technologies, the industries that support them, and the regulatory infrastructure that 
license/permit them might be able to grow and, for fossil with CCS, when the technology 
will be fully commercialized. For nuclear, this assumption limits new plant additions to 
roughly 1 1,000 megawatts, or 7 to II new generators by 2030. For fossil with CCS, this 
assumption limits new plant additions to 2,000 megawatts of demonstration projects or 
roughly 4 to 8 commercial-sized plants. 

EIA cannot attach probabilities to the individual policy cases. However, both theory and 
common sense suggest that cases that reflect an unbroken chain of either failures or successes in 
a series of independent factors are inherently less likely than scenarios that do not assume that 
everything goes either wrong or right. In this respect, the No Intemational/Limited and Zero 
Bank Cases might be viewed as more pessimistic and optimistic scenarios, respectively, which 
bracket a set of more likely cases. Similarly, if actual access to international offsets is dependent 
on a series of independent regulatory and negotiating outcomes, cases with intermediate access 
to international offsets might be viewed as more likely than those representing either complete 
and immediate success across the board (High Offsets), or a permanent lack of progress (No 
International) in such activities. 


Results 

This section presents the results of the analysis, focusing on the effects of ACESA in the six 
main cases that vary technology and offset assumptions. The impacts on GHG emissions, energy 
markets, and the economy are presented in turn. A full set of report tables for all analysis cases 
is available on the EIA website. 
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Greenhouse Gas Emissions and Allowance Prices 
Greenhouse Gas Emissions and Compliance Patterns 

The cap-and-trade provisions in ACESA impose a gradually tightening cap on covered GHG 
emissions beginning in 2012, with some industrial sector and natural gas coverage phased in 
between 2012 and 2016. By 2016 about 84 percent of total U.S.GHG emissions are covered 
emissions under the cap, including most sources of energy-related CO 2 and some industrial 
emissions of non-energy CO 2 , nitrous oxide, perfluorocarbons, sulfur hexafluoride, and MFCs. 

Figure 1 compares the total and covered portions of GHG emissions in the reference case under 
the cap, with covered emissions prior to 2012 shown based on the bill’s 2012 coverage 
provisions. Cumulative covered emissions from 2012 to 2030 in the Reference Case are about 
1 1 3 BMT, compared to 89 BMT tons allow'cd under the cap, a 2 1 -percent or 24.6-BMT 
reduction requirement. Given incentives to bank allowances and an increasingly stringent cap on 
emissions through 2050, in five of the main analysis cases, an additional 13 BMT of abatement is 
assumed to occur over the same period, leaving a 13-BMT allowance bank balance at the end of 
2030. In the Zero Bank Case, a target of 0 for the 2030 bank balance is assumed. 


Figure 1. Reference Case GHG Emissions, Covered Emissions, and Cap, 2005-2030 
(million metric ton COi-equivalent) 



Source; National Energy Mtxleiing System run, ST1MULUS.D041409A. 


Although all of the main analysis cases start from the same Reference Case, apply the same cap 
on covered emissions, and five carry the same 13-BMT balance of banked allowances in 2030, 


’ Due to the Energy Information Administration’s limited disaggregation of the non-COz gases for modeling 
purposes, some non-COj gases are modeled as being covered beginning in 2012 rather than 2014. As a result, the 
percentage of covered gases assumed before 2014 is about 2 percentage points higher than the 66-pcrcent figure 
cited in ACESA Sec. 721. 
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the mix of offset usage and reductions in covered emissions vary a great deal across these cases 
(Figure 2). In the ACESA Basic, ACESA High Cost, and ACESA High Offset Cases, the 
cumulative use of offsets is projected to substantially exceed the 13-BMT bank balance that is 
carried forward beyond 2030, Covered entities are therefore able to meet the their obligations 
under the cap-and-trade program between 2012 and 2030 in those cases even though the 
reduction in their covered emissions, shown as the bottom three segments of the bars in Figure 2, 
is significantly below the cumulative 24.6-BMT reduction target show'n in Figure 1 . This effect 
is particularly evident in the High Offsets Case, where the reduction in covered emissions over 
the 2012 to 2030 period is only 8,3 BMT, In the ACESA Zero Bank Case, cumulative abatement 
matches the minimum required, yet the compliance mix includes a similarly large share of 
offsets, w'ith international offsets accounting for about half the total abatement. In the two cases 
where no international offsets are assumed to be available, reductions in covered emissions are 
much greater, actually exceeding the cumulative 24.6 BMT reduction shown in Figure i in the 
cases that assume the ready availability of low- and no-carbon electric generation technology. 


Figure 2. Components of Cumulative Abatement in ACESA Main Cases, 2012-2030 



The temporal pattern of compliance also varies significantly across cases, as shown in Figure 3, 
which shows the accumulation of allowance bank balances. The build-up of allowance bank 
balances is most rapid in the High Offsets Case, where the maximum allowable quantity of 
offsets is assumed to be available immediately. For the other main analysis cases, allowance 
banks are generally accumulated more rapidly in the cases that assume restricted access to 
international offsets and./or low- and-no carbon technologies for electricity generation. These 
assumptions, which lead to higher allowance prices, encourage covered entities to take advantage 
of near-term fuel-switching opportunities in the electric sector. In the Zero Bank Case, a 
relatively small negative allowance balance accumulates from 2019 to 2022, reflecting some 
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allowance borrowing as permitted in the bill, subject to some limitations and repayment 
penalties. The borrowing period is followed by a similar length payoff period, leaving a near- 
zero balance over the last 5 years of the projection, consistent with the terminal bank assumption 
of the case. 


Figure 3. Cumulative Allowance Bank Balance in ACESA Main Cases, 2012-2030 
(million metric ton C02-equivalent) 



Source: National Energy Modeling SyMem runs, STIMULUS D04 1 409A. HR2454CAP.D072909A. HR2454NOBNK.D072909A, 
HR24.'i4HIOI'F,D0729(l9A. HR24S4HC,D072909A. HR2454N01NT DOttSODA, and HR2454NlBiV,D072909A. 


Given the relatively generous limit on offsets and their potential as a low-cost compliance 
option, the reductions in covered emissions are projected to be smaller than the abatement from 
offsets in most cases. In the ACESA Basic Case, which includes an increasing availability of 
international offsets over time, abatement in covered gases represents only 39 percent of 
cumulative total emission abatement from 2012 to 2030. In the ACESA High Offsets Case, 
where the maximum quantity of international offsets are also used beginning in 2012, abatement 
in covered gases represents even less of the overall abatement, accounting for just 22 percent of 
the cumulative abatement through 2030. Reductions in the emissions of energy-related CO 2 
account for more than half of the cumulative abatement only in the cases where international 
offsets are not assumed to be available. 

The abatement measures used change over time, depending on how quickly offsets and other 
abatement opportunities become economical (Figure 4). In the ACESA Basic and ACESA High 
Cost Cases the “kink” in the international offsets trend occurs due to the discounting rule change 
that goes into effect in 2018. After 20 1 8, 1 .25 international offsets are required for each 
allowance credit. This discounting is assumed to reduce the market price covered entities in the 
United States are willing to pay for international offsets to 80 percent (1/1 .25) of the domestic 
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Figure 4, Sources of Cumulative Compliance in ACESA Main Casses, 2010-2030 


(million metric ton C02-equivalent) 
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allowance price and also reduce the quantity of offsets supplied by international sources. Both 
the discounting and the market supply reaction to the lower international offset price contribute 
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to the reduced use of international offsets in 2018. A second change in the international offsets 
trend occurs in 202 1 when the limit on international offsets is reached. 

The temporal abatement pattern in the Zero Bank Case is distinct from the other cases. 

Relatively low levels of abatement occur in the first 1 0 years of the cap-and-trade policy in this 
case, as investors are assumed to forego possible opportunities to bank allowances, as might 
occur with expectations of stabilizing allowance prices after 2030 that would reduce profits from 
such investments. 

Allowance Prices 

Under the ACESA cap-and-trade provisions, the market price of allowances will establish an 
incremental cost to emitting GHGs. That cost provides an incentive to reduce emissions whether 
or not some allowances are received for free, since operating costs can be reduced by emitting 
less and any unused allowances can be sold. 

Prices in allowance markets will be influenced by the banking provisions. Covered entities or 
traders may hold allowances if they expect higher allowance prices in the future. Allowance 
prices and levels of emissions are estimated such that covered emissions, less offsets, meet the 
emissions caps over a time period. The allowance price path is estimated assuming a constant 
rate of growth matching the cost of capital, or discount rate, assumed in financing the investment 
in allowance banking. The projected allowance prices represent idealized paths. In reality, 
allowance prices would tend to fluctuate as markets respond to new information and as 
unanticipated events unfold. 

Allowance prices in the ACESA Basic Case are projected at $32 per metric ton in 2020 and $65 
per metric ton in 2030. The projected allowances prices are highly uncertain and sensitive to 
modeling assumptions, including such factors as the cost and availability of low-emissions 
technology options and the potential supplies of domestic and international offset credits (Figure 
5 and Table 1). Allowance prices in the main cases, where these assumptions are analyzed, vary 
widely, from $20 to $93 per metric ton of COa-equivalent emissions in 2020 and from $41 to 
$191 per metric ton in 2030. The lower prices in that range occur in cases where technological 
options such as CCS and adoption of new nuclear power plants become available at relatively 
low costs, and the use of international offsets helps to hold down compliance costs, as in the 
ACESA Basic and ACESA High Offset Cases, and where aggregate banking of allowances is 
minimal, as in the ACESA Zero Bank Case. Significantly higher allowances prices occur if 
international offsets are unavailable or low-emitting electricity supply technologies are more 
costly, or the development of these technologies is limited, as in the ACESA No International 
Offsets, ACESA High Cost, and ACESA No International/Limited Cases. 

Variation in allowances prices also occurs in some of the additional cases examined (Figure 6 
and Table 2). Allowance prices in the ACESA Low Discount Case are initially higher than in 
the ACESA Basic Case, but they grow at the slower discount rate assumed and end up lower 
than in the ACESA Basic Case by 2024. Generally, the lower the return that investors in 
allowances are willing to accept, the greater the incentive to reduce emissions early, building a 
larger bank of allowances that can be used for compliance later. Relatively high allowance 
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prices result in both the ACESA High Banking and ACESA Limited Alternatives Cases, while 
relatively lower prices are projected in the ACESA High Tech Case. Not shown are the prices in 
the ACESA 35CAFE2016 Case, which are not significantly different than in the Basic Case. 

Figure 5. Projected Allowance Prices in ACESA Main Cases, 2012-2030 
(2007 dollars per metric ton C02-equivalent) 



Source; National Energy Modeling Sy-dem runs, HR24,n4C'AP.nO72909A, HR2454NO8NK.rX)72909A, HR2454itlOI"F.rJ072909A. 
HR24.S4HC,D072909A,'HR24,54NOINT,IXI72909A,and HR2454NIBIV IX172909A. 


Figure 6. Projected Allowance Pricc.s in ACESA Sensitivity Cases, 2012-2030 


(2007 dollars per metric ton COi-equivaient) 



Sme: NatoS&eigj'Modelilig Sys«r(rans HR2454C^^ HR2454DSCT5.tXI72909A. HR2454HfflNK D072909A, 

HR2454BIV 0(172909 A, and HR24,94H1TEK.IX)72909A-. 
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The lower emissions under the somewhat higher Corporate Average Fuel Economy (CAFE) 
standards in the early part of the projection occur gradually and do not significantly shift 
aggregate long-term abatement costs at the margin. 

Domestic and international offset prices are closely tied to allowance prices and ACESA’s limits 
on offset usage. Estimated domestic offset usage, which may be constrained by the pro-rata 
percentage limit imposed on covered emissions, varies across the cases and over time, ranging 
from 75 to 290 MMT in 2012, from 177 to 580 MMT in 2020, and from 335 to 754 MMT in 
2030. In all but one of the main cases examined, the ACESA No Intemational/Limited Case, the 
estimated quantity of domestic offset credits falls below the pro-rata limits throughout the 
projection. When offset usage is below the limit, the offset credit price is assumed to match the 
allowance price. In the No Intemational/Limited Case, the case with the highest allowance 
prices, the domestic offset limit is reached in 2024 through 2030. Beginning in 2024, 
competition to supply a limited quantity of offsets drives the offset price below the allowance 
price. 

The limit on international offset credits is initially established to match the domestic limit but is 
adjusted higher (by up to 500 MMT, or 1,000 MMT less the anticipated domestic offset usage) if 
domestic offset usage is anticipated to be less than 900 MMT. In the cases where international 
offsets are assumed to be available, the adjusted international offset limit ranges from 1,196 to 
1,479 MMT in 2030, with the estimated limit in the ACESA Basic Case of 1,320 MMT falling in 
the middle of that range. Given the assumed offset supplies available, international offsets limits 
are projected to be reached in all of these cases. In the ACESA High Offsets Case, the maximum 
allowable quantity of international offsets is assumed to be used beginning in 2012, resulting in 
much lower levels of abatement and allowance prices than in the ACESA Basic Case. 

Energy-Related Carbon Dioxide Emissions 

The allowance program and other incentives under ACESA are expected to reduce energy- 
related CO 2 emissions. The vast majority of the energy-related emissions reductions are 
expected to occur in the electricity sector (Figures 7 and 8). In fact, across the ACESA main 
cases, the electricity sector accounts for between 80 percent and 88 percent of the total reduction 
in energy-related CO 2 emissions relative to the Reference Case in 2030. The electricity sector 
reductions stem from the use of more efficient, less carbon-intensive sources of generation. This 
results from a variety of factors, particularly the industry’s current dependence on coal, the 
availability and economics of technologies to switch from coal to less carbon-intensive energy 
sources, and the comparative economics of fuel switching in other sectors. In addition, a portion 
of the electricity-related CO 2 emissions reductions results from reduced electricity demand 
stimulated both by consumers’ responses to higher electricity prices and incentives in ACESA to 
stimulate greater efficiency in energy use. 


Energy Information Administration / Energy Market and EcoDomic Impacts of H.R. 2454, the ACESA of 2009 


16 



1133 


Figure 7. Energy-Related CO 2 Emissions by Sector in ACESA Main Cases, 2020 
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Figure 8. Energy-Related CO 2 Emissions by Sector in ACESA Main Cases, 2030 
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Energy Market Impacts 

Energy consumers are expected to face higher costs of using energy as a result of the ACESA 
cap-and-trade program. To the extent that they are not ameliorated by the free distribution of 
allowances to regulated distribution companies, the cost of the allowances required to be 
submitted by covered sources will tend to be passed on to consumers of primary fuels through 
higher delivered energy prices. Table 1, presented earlier, summarizes the projected impacts on 
the delivered cost of energy under ACESA. Detailed projection tables on energy production, 
consumption, and prices for each case accompany the presentation of this report on EIA’s web 
site." 

Energy-related emissions will be influenced by both the higher energy costs from the allowance 
program, as well as the ACESA incentives that promote energy efficiency and low-carbon fuel 
sources. Overall, the use of fossil fuels generally decreases relative to the Reference Case, while 
the use of renewable energy sources and nuclear power increases (Figure 9). As discussed 
earlier, the greatest changes occur in the electricity sector, with reductions in the use of coal and 
increases in nuclear and renewable fuels in most cases, relative to the Reference Case. The 
impacts tend to grow over time as the caps become more stringent and the allowance price 
increases. 


Electricity Sector Emissions, Generation, and Prices 

The provisions of ACESA alter electric power projections by favoring low-carbon technologies 
such as new nuclear, renewable, and fossil plants that sequester COj. The impact on CCS 
technology is also affected by the provisions that provide additional incentives for these plants. 
The shifts in the generation mix caused by ACESA lead to lower CO: emissions from the 
electricity sector, higher electricity prices (particularly after 2025) and lower electricity demand 
than would otherwise occur. The higher electricity prices are due to the higher capital costs of 
cleaner, more efficient technologies and the costs of holding allowances. 

Emissions 


In the Reference Case, which assumes no explicit policy to reduce GHG emissions, power sector 
CO: emissions are projected to increase 8 percent between 2007 and 2030 as the industry 
increases its use of fossil fuels (Figure 10). In the main ACESA cases, power sector CO: 
emissions are expected to be 1 1 percent to 44 percent below the Reference Case level in 2020 
and 29 percent to 85 percent below the Reference Case level in 2030. The electricity sector, in 
fact, accounts for the vast majority of the energy-related CO: emissions reductions expected to 
occur under ACESA, with its share ranging from 79 to 88 percent in 2030 across the main 
ACESA cases. The largest changes in electricity emissions occur in the cases where it is 
assumed that international offsets are not available. Without these offsets, covered U.S. entities 
must make larger reductions in their own emissions to comply with the emissions cap established 
in ACESA. In contrast, the smallest change occurs in the ACESA High Offsets Case where 


" See www.eia.doe.aov/oiaf/service rots.htm 
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Figure 10. Electricity Sector COj Emissions in ACESA Main Cases, 2005-2030 


(million metric tons) 



Capacity and Generation 

In the Reference Case, which does take account of growing concerns about GHG emissions, 
natural gas plants and renewable plants meet a large share of new capacity requirements through 
2030 (Figure 11). Natural-gas-fired generation, with a CO: emission rate roughly 40 percent that 
of conventional coal-fired generation, gains competitiveness relative to coal but loses 
competitiveness relative to carbon-tree technologies under the ACESA cap-and-trade program. 
The efficiency and cap-and-trade programs in ACESA also have the effect of reducing projected 
growth in electricity demand, which reduces the need for all generation sources. 

Under ACESA, new coal builds without CCS beyond those that are already under construction 
are almost eliminated. There is also a large increase in coal power plant retirements with between 
6 and 85 percent of existing coal capacity projected to retire by 2030 in the ACESA main cases, 
well above the 1 percent of existing coal capacity projected to retire in the Reference Case. 

These retiring coal plants are replaced by a combination of new nuclear, renewable, and coal 
plants with CCS. The Reference Case projects 1 1 gigawatts of new nuclear capacity by 2030, 
but under ACESA, nuclear builds by 2030 range from 15 gigawatts to 135 gigawatts, when 
allowed to grow. Renewable capacity also grows significantly, representing between 33 percent 
and 63 percent of all new capacity added between 2008 and 2030 across the ACESA main cases 
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Figure 11. Cumulative Capacity Additions in ACESA Main Cases, 2007-2030 

(thousand megawatts) 
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When technologies with CCS, nuclear, and biomass are limited to Reference Case levels, as 
could occur if the technologies prove more costly, take longer to develop, and/or meet with 
strong market resistance, the addition of new renewable and natural gas capacity grows 
significantly. In the ACESA Basic Case, natural gas additions are below those in the Reference 
Case, since CCS is not as economic on combined-cycle plants as on coal plants, and other non- 
fossil technologies are built instead of natural-gas-fired plants without CCS. 

Changes in electricity generation are consistent with capacity choices and are influenced by the 
GHG allowance price (Figures 12 and 1 3). In the Reference Case, coal generation grows to 2,3 1 1 
billion kilowatthours in 2030, an increase of 14 percent over 2007 levels, providing 46 percent of 
total electricity needs. In the ACESA main cases, coal generation drops, with its generation 
share in 2030 dropping to between 7 percent and 40 percent. Although some new coal capacity 
with CCS is added in most cases, the increased generation from these new plants is more than 
offset by reduction.s from the retirement of existing coal capacity. In the ACESA High Cost, 

Zero Bank, and High Offsets Ca.ses, coal generation is above that in the ACESA Basic Case, but 
still much lower than the Reference Case. In those cases, the higher costs of new coal plants 
with CCS, the availability of greater international offsets, and/or reduced banking result in fewer 
coal retirements than in the ACESA Basic Case. 
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Figure 13. Generation by Fuel in ACESA Main Cases, 2030 
(billion kiiowatthours) 
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Nuclear generation follows the capacity additions, growing most significantly in the ACESA No 
International and ACESA Basic Cases. In the Reference Case, nuclear generation grows by 10 
percent between 2007 and 2030, reaching 890 billion kilowatthours and providing 18 percent of 
total generation. In the ACESA Basic Case, nuclear grows to 1,548 billion kilowatthours in 
2030, nearly 74 percent more than the Reference Case level. If nuclear costs are higher than 
expected, then new nuclear capacity additions are still projected but at a level only slightly above 
that seen in the Reference Case in 2030. 

In most of the ACESA cases, natural gas generation in 2030 is lower than in the Reference Case. 
In the Reference Case, natural gas generation increases 9 percent by 2030, relative to the 2007 
level. However, in the ACESA Basic Case, natural gas generation falls 21 percent between 2007 
and 2030. In the ACESA No Intemational/Limited Case, natural gas generation is 68 percent 
above the Reference Case level by 2030, due to the assumed limited availability of new plants 
with CCS, as well as new nuclear and biomass capacity. This case demonstrates the role of the 
development and deployment of key low-carbon generating technologies like nuclear, 
renewables, and fossil with CCS in a timeframe consistent with the emission reduction 
requirements of ACESA. Without them, allowance prices would be higher and greater demands 
would be placed on natural gas markets. 

Renewable generation is dramatically higher under the provisions of ACESA, growing to 
between 22 percent and 75 percent above the generation level in the Reference Case in 2030. 

The vast majority of the increase is from wind generation, followed by biomass generation. The 
increase in biomass generation in the ACESA cases comes from a combination of increased 
cofiring of biomass in existing coal plants and the addition of new dedicated biomass plants. In 
most cases, cofiring dominates, particularly in the early years of the projections. However, as 
new dedicated biomass plants are added, they play a larger role in the later years. Cofiring is 
generally an economic way to reduce CO 2 emissions without investing in new capacity, but as 
the allowance price increases throughout the projections, the economics begin to shift towards 
less C02-intensive generation. 

The share of renewable generation far exceeds that required to comply with the combined 
efficiency and renewable electricity standard in all of the ACESA cases. As shown in Figure 14, 
the nominal share of renewables required to comply with the target, assuming no efficiency 
credits, grows to a final target of 20 percent. When the required share is adjusted for the 
exemption of small utilities and the removal of hydroelectric generation from the baseline, the 
national average required share falls to approximately 16.5 percent. Moreover, the national 
average required share falls to just over 10 percent when the generation contribution from new 
nuclear and fossil plants with CCS is removed from the baseline for renewable electricity 
standard calculations in the ACESA Basic Case. After these adjustments, the level of renewable 
generation in the Reference Case exceeds the requirement in 2025 and beyond, while the level in 
the ACESA Basic Case far exceeds it. 
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Figure 14. Renewable Electricity Standard Compliance in the ACESA Basic Case, 2012- 
2030 


(percent) 



Price and Demand 

H.R. 2454 is projected to lead to higher electricity prices and lower electricity demand, though 
most of the price impacts are expected after 2025, as the allowances allocated to retail electricity 
providers are phased out. Except for the ACESA No International/Limited Case, electricity 
prices in five of the six main ACESA cases range from 9,5 to 9.6 cents per kilowatthour in 2020, 
only 3 to 4 percent above the Reference Case level (Figure 1 5). Average impacts on electricity 
piices in 2030 are projected to be substantially greater, reflecting both higher allowance prices 
and the phase-out of the free allocation of allowances to distributors between 2025 and 2030. By 
2030, electricity prices in the ACESA Basic Case are 12.0 cents per kilowatthour, 19 percent 
above the Reference Case level, with a wider band of 1 1, 1 cents to 17.8 cents (10 to 77 percent 
above the Reference Case level) across all six main policy cases. 

I he combination of higher electricity prices and provisions in H.R. 2454 designed to improve 
energy efficiency causes growth in the demand for electricity to slow relative to the Reference 
Case in the main ACESA cases. The long-term trend of slowing growth in the demand for 
electricity is reflected in the Reference Case. After averaging nearly 2.4 percent per year in the 
1 990s and 1 .2 percent per year between 2000 and 2007, the demand' for electricitv is 'projected to 
increase just 0.9 percent per year between 2007 and 2030 in the Reference Case ('figure 16). 

This projection reflects ongoing improvements in appliance efficiency, new appliance standards, 
and consumer responses to higher electricity prices. Among the main ACESA cases the growth’ 
slows further, ranging from 0,2 percent per year to 0.7 percent per year between 2007 and 2030. 


The average electricity price in the No International/Limited case in 2020 is 10.7 cents per kilowatthour. 
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Figure !5. Electricity Prices in Main ACESA Cases, 2005-2030 


(2007 cents per kilowatthour) 



Source: Nationai l-nergv Mocielinc System runs. STIMULUS,D041409A, HR2454CAP W72909A. ilR2454NOBNK.D072909A, 
HR2454niOl-F,.D07290V^, HR2454HC.D072909A. HR2454NOINT.D072909A. and nR2454NIB!V.lX)72909A. 


Figure 16. Electricity Demand Growth in Main ACESA Cases, 2007-2030 
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The impacts on regional electricity prices vary for many reasons including the demand 
characteristics, the mix of generating sources used, the availability and delivered prices of 
different resources and fuels, the regulatory regime, and the local costs of construction (Figure 
1 7). Generally, the largest changes in prices caused by the provisions of H.R. 2454 would be 
expected in regions that are most reliant on coal, regions without large renewable resources that 
can be developed, and regions where electricity prices are set competitively. However, since 
retail distributers remain regulated in all regions it is assumed that the benefit of allowances 
allocated to them for free will be passed on to their consumers. This significantly dampens the 
prices impacts of ACESA through 2025 in all regions. 

As shown in Figure 17, all regions are expected to see prices increases in most of the ACESA 
cases by 2030. Regions like the Northwest Power Pool (NWP) and California, which do not rely 
heavily on coal, continue to have regulated prices, and have significant renewable resources, are 
projected to see relatively modest prices increases in the ACESA main cases. 


Coal Markets 

Because coal has the highest carbon content of any of the key fossil fuels, the cost of using coal 
when a GHG cap-and-trade program is imposed increases dramatically (Figures 18 and 19). For 
example, in 2020 the cost of using coal in a plant that does not have CCS equipment is between 
92 percent and 435 greater in the main ACESA cases than in the Reference Case. By 2030 the 
increase in coal costs to a plant without CCS equipment is even larger, ranging from 179 percent 
to 848 percent greater than in the Reference Case in the main ACESA cases. The vast majority 
of this cost increase is due to the need to hold allowances to cover the CO 2 emissions that will be 
generated when the coal is used to produce electricity. The underlying delivered price of coal 
without the allowance costs is actually lower in the ACESA cases because of the reduced 
consumption of coal. 

As a result of the reduced use of coal for electricity generation, coal production volumes (in tons) 
are projected to be 1 9 to 83 percent lower in the ACESA main cases in 2030 compared to the 
Reference Case (Figure 20). Lower coal consumption in the ACESA main cases 
disproportionately affects western coal producers, because they are expected to meet most of the 
growth in coal demand in the Reference Case. 


Figure 17. Regional Electricity Prices in ACESA Main Cases, 2030 
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Figure 18. Coal Costs to Electricity Producers In ACESA Main Cases, 2020 

(2007 dollars per million Btu) 



Reference Basic Zero Bank High Offsets High Cost No Noint/ 

International Lim ited 


Source: National Energy Modeling System runs, STIMULUS.D041409A, HR2454CAP.D072909A. HR2454NOBNK..D072W9A. 
HR2434HIOFF-[X)72909A. HR2454HC. [J072909A, HR2454NO1NT.D072909A. and HR2454NiBlV.D072909A. 


Figure 19. Coal Costs to Electricity Producers in ACESA Main Cases, 2030 
(2007 dollars per million Btu) 



Reference Basic Zero Bank High Offsets High Cost No Noint/ 

International Limited 


Source: National Energy Modeling System runs, STIMULUS.D041409A, HR2454CAP.D072909A, HR2454NOBNK,D0729D9A, 
HR2454HIOFF,D072909A, HR2454HC.D072909A. HR2454NOINT.D072909A, atid HR2454N!BIV,D072909A. 


Figure 20. Coal Production in ACESA Main Cases, 2005-2030 
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(million tons) 



Source; National Energy Modeling System runs, STIMULUS .004 1 409 A, HR2454CAP,D072909A. HR2454NOBNK.D072909A. 
HR2454HiOFF,D()72909A. HR24S4HC,D072909A, HR24S4NOINT.D072909A, and HR2454NIBIV.D072909A. 


Buildings 

Residential and commercial buildings are affected by programs targeting energy efficiency and 
the energy price consequences of the GHG emissions cap. Figures 21 and 22 depict buildings 
sector delivered energy consumption by fuel across the main ACESA cases in 2020 and 2030, 
respectively. Electricity and natural gas, which account for nearly 90 percent of the delivered 
energy used in buildings, are also the fuels most impacted by ACESA. 

Electricity use in buildings is projected to be 1 .5 percent lower in the ACEiSA Basic Case 
relative to the Reference Case in 2020, with a range of 1 .1 to 4.8 percent across the main 
ACESA cases. By 2030, electricity use is projected to be 4.9 percent lovver in the ACESA Basic 
Case, with a range of 3.2 to 14.4 percent across the ACESA main cases. In the ACESA Basic 
Case, most of the electricity savings in buildings is due to price-induced conservation. 

Natural gas use in buildings is more directly affected by the energy efficiency provisions in 
ACESA, given the importance of building codes and building retrofit programs which tend to 
affect heating fuels more than electricity. In 2020, natural gas use in buildings in the ACESA 
Basic Case is projected to be 2.5 percent lower than in the Reference Case, with a range of 2.0 to 
7.1 percent across the ACESA main cases. By 2030, the ACESA Basic Case is projected to be 
7.8 percent lower than the Reference Case with a range of 6.0 to 1 5.4 percent, across the ACESA 
main cases. Most of the reduction in natural gas use is due to the energy efficiency provisions in 
ACESA, particularly the building codes and building retrofit programs. 
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Figure 21. Buildings Sector Delivered Energy Consumption by Fuel in Main ACESA 
Cases, 2020 

(quadrillion Btu) 



2007 Reference Basic Zero Bank High High Cost No Noint/ 

Offsets Internationa! Limited 


Source: National Energy Modeling System runs, STiMULUS.D04I409A, HR2454CAP.D072909A. HR2454NOBNK,D072909A, 
HR2454HIOFF,D072909A, HR2454H<:,D072909A, HR2454NOINT.D072909A, and HR2454NIBIV.D072909A. 


Figure 22. Buildings Sector Delivered Energy Consumption by Fuel in Main ACESA 
Cases, 2030 

(quadrillion Btu) 



2007 Reference Basic ZeroBank High High Cost No Noint/ 

Offsets Internationa! Limited 


Source: National Energy Modeling System runs, STlMULUS.r»41409A, HR2454CAP.D072909A, HR2454NOBNK.D072909A. 
HR24541iI10FF.D072909A, HR2454HC.D072909A, HR2454NOfNT.D072909A, and HR2454N1BIV.D072909A. 
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Even with lower energy consumption in the main ACESA cases, energy expenditures are 
projected to increase, relative to the Reference Case, due to increases in delivered energy prices 
to the buildings sector. Figure 23 depicts the average projected energy expenditures per square 
foot in residential and commercial buildings over the 2012 through 2030 period in the main 
ACESA eases. These estimates include only expenditures for energy used in buildings and not 
any additional costs associated with the purchase of energy-efficient equipment or any 
transportation costs. For all residential and commercial buildings, energy expenditures in the 
ACESA Basic Case are projected to increase 4 percent over the Reference Case average over the 
2012-to-2030 period on a per-square-foot basis (in real 2007 dollars). Of all the main ACESA 
eases, only the most restrictive case shows an increase in the average expenditures per square 
foot relative to 2007, when energy expenditures were at near-record highs in real terms. 

Figure 23. Buildings Sector Energy Expenditures in Main ACESA Cases, 2007 and 2012- 



Source: National Energy Modeling System runs, STIMULUS.DOtHOOA. HR24S4CAP.D072909A. HR2454NOBNK.D072909A, 
HR2454HIOFF.D0729(19.\, HR2454HC.D0729O9A, HR24.44NOINTD072909A, and HR2454NiBIV.D0729()9A, 
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Increases in energy prices impact households not only for the energy used in the house, but also 
for transportation costs and products they buy on an everyday basis. Several provisions in 
ACESA direct that the funds generated from emissions allowance auctions or the sale of freely 
allocated allowances be used to ameliorate the adverse impact on households. In addition to the 
funds generated for low-income households through the auctioning of 15 percent of the 
allowances allocated each year, local electricity and natural gas distribution companies are also 
directed to use freely allocated allowances to minimize the impact on residential energy 
consumers. These provisions, along with the energy efficiency programs such as building codes, 
partially shield residential consumers from significant increases in energy expenditures for uses 
inside the house. Transportation costs, however, do increase significantly on a per-household 
basis since there are no provisions designed to dampen motor gasoline price impacts. 

As a result of the provisions in ACESA, the average household can expect increases in the cost 
of the energy they use to heat and cool their homes as well as the cost to operate their vehicles. 
Figures 24 and 25 depict these cost increases as well as the increase in the cost to purchase more 
energy-efficient equipment as a result of more stringent building codes. Since the building codes 
affect only new construction on an annual basis and the annualized cost (over 1 5 years) is spread 
out over all households in Figures 24 and 25, the impact of the increase in this cost is relatively 
small. Based on the three cost measures represented in Figure 24, households can expect an 
increase of $165 in 2020 in the ACESA Basic Case, with a range of $103 to $767 across the 
ACESA main cases. Increases in light-duty vehicle energy expenditures account for about 81 
percent of the increase in 2020 in the ACESA Basic Case. In 2030, the cost to the consumers 
increases to $501 per household in the ACESA Basic Case, with the non-transportation costs 
accounting for about 52 percent of the increase (Figure 25). In 2030, the increased costs to 
households range from $282 to $1,870 across the ACESA main cases. The higher cost impacts 
in 2030 are stimulated by the rising allowances costs and the phase-out of the freely allocated 
allowances to electricity and natural gas distribution companies that begins in 2025. 

The adoption of more efficient technology can play a role in mitigating the cost to households 
due to ACESA. In the ACESA High Tech Case, energy expenditures for household uses 
(excluding transportation costs) decline by $63, relative to the Reference Case, in 2020. In 2030, 
energy expenditures for household uses increase by $26 relative to the Reference Case, but are 
much less than the $191-increase projected in the Basic Case. The increased adoption of more 
efficient technologies, including rooftop photovoltaics, contributes to the reduction in household 
energy expenditures. Total per-household expenditures are lower in this case, relative to any of 
the main cases, even with a modest increase in annualized capital expenditures caused by the 
adoption of more efficient equipment. Per-household expenditures are 54 percent lower in 2020 
relative to the Basic Case and 40 percent lower than the Basic Case in 2030. 

Transportation 

The impact of ACESA on projections of CO 2 emissions from the transportation sector are 
relatively small compared to emissions reductions realized in the other demand sectors. In 2020, 
CO 2 emissions from the transportation sector are reduced froml.O percent to 3.5 percent (19 to 
68 MMT) across the main ACESA cases relative to the Reference Case. By 2030, 
transportation-related CO 2 emission reductions increase and range from 2.6 percent to 8.5 
percent (53 to 1 74 MMT) across the main ACESA cases compared to the Reference Case. 
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Because reductions in transportation-related emissions are not proportional to reductions in other 
sectors, by 2030 the transportation sector accounts for a larger percentage of total U.S. GHG 
emissions across all cases. The relatively small changes in the transportation sector are driven by 
the modest changes in gasoline prices, which are expected by 2020 to range from $0.12 to $0.66 
per gallon higher than in the Reference Case (Figure 26). 
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Figure 24. Average Change in Household Energy Expenditures in Main ACESA Cases, 
2020 

(2007 dollars) 
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Figure 25. Average Change in Household Energy Expenditures in Main ACESA Cases, 
2030 

(2007 dollars) 


2,000 


1,500 


1,000 


500 


aAnnualized Incremental Capital Expenditures 
® Light Duty Vehicle Expenditures 
■ Home Energy Expend itures 



Basic 


ZeroBank HighOffsets HighCost No Noint/ Limited 

International 


Source: National Energy M<xleling System runs, STIMULUS.D041409A, HR2454CAP.D072909A HR24^4 NOBNk"d07^909A 
HR24o4H!OI-F.D072909A, HR2454HC,D072909A, HR2454NOINT.D072909A, and HR2434NIBIV,D072909A. 

Figure 26. Motor Gasoline Prices in Main ACESA Cases, 2020 
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However, ACESA does contain provisions aimed at stimulating further advances in vehicle fuel 
efficiency and a more rapid penetration of vehicles that rely at least partially on electricity. 
Uncertainty about the impacts of these provisions led to them not being explicitly analyzed in 
this report. If they are successful, larger reductions in transportation sector emissions would be 
expected. 

These results may also be impacted by proposed revisions to CAFE standards. On May 19, 

2009, President Obama unveiled new light vehicle fuel economy standards increasing the 
minimum passenger car requirement to 39 miles per gallon and the light truck requirement to 30 
miles per gallon by model year 2016. The proposed rule making jointly developed by the EPA 
and the National Highway Traffic Safety Administration mandates a 5-percent annual increase in 
fuel economy for model years 2012 through 2016. The new standards will address both fuel 
economy and GHG emissions via a vehicle-attribute-based CAFE standard and a tailpipe GHG 
emission standard. 

To evaluate their potential impact, the proposed CAFE standards were incorporated into the 
35CAFE2016 Case. Except for the revised CAFE standards, this case uses the same assumptions 
as the ACESA Basic Case, to examine the impact on transportation-related GHG emissions and 
how that effects total GHG emission reductions from all sectors. Relative to the ACESA Basic 
Case, the proposed CAFE standards reduce GHG emissions from the transportation sector by 0.5 
percent in 2020 (9 MMT carbon-equivalent) and 0.8 percent in 2030 (16 MMT carbon- 
equivalent) relative to the ACESA Basic Case. Total GHG emissions are unchanged between 
the two cases since reductions in the transportation sector are offset by smaller reductions in 
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other sectors. This occurs because allowance prices decrease in proportion to emissions 
reductions achieved in the transportation sector. 

The transportation sector could contribute more to emissions reductions if the provisions of 
ACESA were to spur more rapid improvement in transportation technology. Relative to the 
ACESA Basic Case, in the ACESA High Tech Case, transportation sector CO 2 emissions are 32 
million metric tons lower in 2030 (1.6 percent). 


Economic Impacts 

Implementing the ACESA GHG cap-and-trade program will affect the economy through two key 
mechanisms. First, the cost of using energy, particularly fossil fuels and electricity, will be 
increased by the requirement to submit allowances for ongoing emissions. Second, the 
auctioning of allowances and the free distribution of allowances to emitting and non-emitting 
sources will generate revenue, which, in turn, will be spent by various government entities on 
programs designed to help businesses and consumers reduce their emissions or ameliorate the 
impacts associated with higher energy prices. In the ACESA cases, roughly 99 percent of the 
value of allowances, allocated freely or auctioned, goes to producers and consumers of energy 
from 2012 to 2030, while 1 percent is devoted to deficit reduction. Through 2025, the allocation 
of allowances under ACESA tends to dampen the changes in energy prices, but energy prices 
begin to escalate and the economy shows greater losses in the last 5 years of the projection 
horizon, as many of the early programs are phased out.. 

Prices increase and real output declines as a result of meeting the carbon reductions stipulated in 
ACESA. If all of the revenue collected by the carbon allowances were returned, deficits would 
be significantly higher, especially during the period where the carbon allowance prices are at 
their highest levels. As a result, for all ACESA cases, the full employment deficit was not 
allowed to change from the reference case. Government expenditures were adjusted so that the 
deficit remained at reference case values. The uses of the carbon allowance revenues as 
stipulated by H.R. 2454 were modeled; however to the extent that the resulting change in 
government expenditures were lower than the actual amounts specified by the bill, other non- 
defense government expenditures would have to be reduced to insure unchanged Federal deficits 
over time. 


Allowance Revenues 

Figure 27 shows the detailed shares of allowances going to different entities as called for in 
ACESA over the 20 12 to 2030 time period. As shown, the share devoted to the energy industry, 
mainly to be used to reduce impacts on their consumers, drops off dramatically post-2025, with 
an increasing share rebated to consumers via the climate change consumer refund program. The 
amounts going to the energy industry and trade-vulnerable industries are not directly collected as 
revenue in the macroeconomic model. Those revenues are used by the industries themselves to 
lessen the impact of rising energy prices to consumers. The remaining uses of the allowances are 
distributed through Federal transfer payments abroad (International Adaptation and Clean 
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Technology Deployment funds), imports of services (purchases of international offsets), 
increased transfer payments to individuals (low income allocations), or increased Federal non- 
defense expenditures (clean energy innovation centers and energy efficient programs). The 
cumulative amount of revenues (not discounted) collected for redistribution by the government 
ranges from $1.3 trillion in the ACESA Zero Bank Case to $6.4 trillion in the ACESA No 
Intemational/Limited Case between 2012 and 2030. These sums essentially include the value of 
all the allowances that will fund increased local, State, and Federal government expenditures for 
various purposes but exclude the value of allowances going directly to businesses, including to 
local electricity and natural gas distribution companies, or those that will be used for deficit 
reduction. Figure 28 provides another view of the distribution of allowances dividing them into 
five broad categories, electricity, natural gas and oil distributors, trade- and energy-vulnerable 
industries, international adaptation, consumers and efficiency, and deficit reduction. 


Figure 27. ACESA Allocation Shares, 2012-2030 
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Source; ACESA H.R. 2454 Sections 726. 78 1 and 782. 
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Figure 28. ACESA H.R. 2454 Allocation of Revenue by Major Category, 2012-2030 
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Source: H R. 2454, American Clean Energy and Security Act of 2009. 


Impacts on Energy and Aggregate Prices 

Rising energy costs influence the aggregate economy through their effect on prices and energy 
expenditures. Figure 29 shows the percentage changes in both the consumer and producer 
indices for energy in the ACESA cases. Figure 30 highlights the All-Urban Consumer Price 
Index (CPI), a measure of aggregate consumer prices in the economy. The CP! for energy, a 
summary measure of energy prices facing households at the retail level, increases by 
approximately 15 percent above the Reference Case level by 2030 in the ACESA Basic Case. 
Industrial energy prices increase by 22 percent above the Reference Case by 2030. However, 
between 2012 and 2025, when electricity, natural gas, and heating oil distributors are assumed to 
use the large amount of allowances they receive to mitigate the impacts that their customers 
would otherwise see, industrial energy prices rise by roughly twice as much in percentage terms 
as do consumer energy prices. 

Both wholesale and consumer energy prices rise quickly in the first 4 years, level off for the next 
10 years and then sharply rise for the last 5 years. All cases show the same pattern with the 
amount of increase depending on the allowance prices and compliance options chosen in each 
case. The relative stability of energy prices from 2014 to 2025 reduces projected economic 
impacts from levels experienced following the initial energy price shock. However, when 
energy prices start to escalate post-2025, economic impacts begin to grow. 


Across the ACESA cases, consumer energy prices increase between 8 and 62 percent above the 
Reference Case level in 2030, with the ACESA High Offsets Case showing the smallest change 
in energy prices and the ACESA No Intemational/Limited Case showing the largest change, 
more than twice that in the next highest case. 
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Figure 29. Wholesale and Consumer Energy Prices in ACESA Main Cases, 2012-2030 


Fuel & Power Wholesale Prices 


Consumer Energy Prices 




Source' National Energ>' Modeling System ams. ST1MUHJS,TX)41409A. HR2454CAP.D072909A, HR2454NOBNK..D07290yA, 
HR2454H1OFF.D072909A, HR2454HC.D072909A, HR2454NO1NTD072909A, and HR2454N1BIV.D072909A. 


Figure 30. Change in Consumer Prices in ACESA Main Cases, 2012-2030 



Ultimately, consumers will also see the impact of higher energy prices directly through final 
prices paid for energy-related goods and services and higher prices for other goods and services 
using energy as an input, and, if the cost increases cannot be passed on to consumers, labor and 

Energy Information Administration/ Energy Market and Economic Impacts of H.R, 2454, the ACESA of 2009 39 






1156 


capital stock may be reallocated. Figure 30 shows that the increase in consumer prices ranges 
from 1 .5 percent to 1 2,0 percent above Reference Case levels in the main ACESA cases, with the 
increase in the No Intemational/Limited Case nearly twice that in the next highest case. 


Real GDP and Consumption Impacts 

The higher delivered energy prices lead to lower real output for the economy. They reduce 
energy consumption, but also indirectly reduce real consumer spending for other goods and 
services due to lower purchasing power. The lower aggregate demand for goods and services 
results in lower real GDP relative to the Reference Case (Figure 3 1 and Table 3). Over the entire 
projection period, the change in the cumulative present value of GDP from the Reference Case in 
the ACESA Basic Case is 0,3 percent ($566 billion in 2000 dollars), with a range from $432 
billion (-0.2 percent) to $1,897 billion (-0.9 percent) across the main ACESA cases. Impacts in 
the No International/Limited Case are more than twice as high as those in any other case. 


Figure 31. Change in Real GDP in ACESA Main Cases, 2012-2030 
(percent change from Reference Case) 
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Source: National Energy Modeling System runs, STIMULUS.D041409A, HR2454CAP.D072909A HR2454NOBNK D072909A 
HR2454HtOFF.D072909A, HR2454HC,D072909A. HR2454NOrNT.D072909A, and HR2454NIBIV,D072909A. 


Over time, the pattern of GDP impacts mirrors the change in energy and allowance prices. GDP 
losses are fairly small for the first 10 years as energy prices increase initially and then stabilize. 
Real GDP impacts actually decline as prices stabilize, hut then increase again as energy prices 
start to escalate after 2025 as allowance prices continue to rise and the allocation of allowances 
used to mitigate the impacts on electricity, natural gas, and heating oil consumers is phased out. 
In 2030, Ae last year explicitly modeled in this analysis, GDP losses range from $104 billion to 
$453 billion (-0.5 to -2.3 percent), with the losses in the ACESA No Intemational/Limited Case, 
at the top of these ranges, again more than twice as large as those in the case with the next 
highest level of impacts. 
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While real GDP is an overall measure of what the economy produces, the components of GDP, 
consumption, investment, government, and net exports, may change considerably. In the 
ACESA cases, consumer expenditures, one indicator of consumers’ welfare, show smaller 
relative losses than overall GDP. Figure 32 shows consumption impacts over time and the 
cumulative discounted percent change in consumption over the 2012 to 2030 time period relative 
to the Reference Case. The cumulative percent losses for real consumption range from O.I 
percent ($ 1 96 in billion 2000 dollars) in the ACESA Zero Bank Case to 0.7 percent ($988 in 
billion 2000 dollars) in the No International/Limited Case. As with GDP, consumption losses 
during the first 10 years of the projection period are relatively small because consumer energy 
prices increase by half of the change in industrial energy prices and remain relatively steady until 
2026 and roughly 15 percent of total nominal allowance revenue is returned to low-income 
consumers. In fact, until 2026, the value of increased residential energy expenditures (including 
transportation costs) is roughly equal to the amount of allowance revenue transferred to low- 
income consumers. After 2026, the consumer climate change funds rebates in personal taxes, 
allowing for muted consumer impacts of the rising energy costs. 

By 2030, real consumption losses reach 0.4 percent ($63 billion in 2000 dollars) in the ACESA 
Basic Case. 


Figure 32. Change in Real Consumption in ACESA Main Cases, 2012-2030 
(percent change from Reference Case) 


PercentChange in Real Consumption 
2012 2015 2018 2021 2024 2027 2030 



PercentChange Cumulative Real 
Consumption 


Undiscounted Present Value 


0 . 0 % 


- 0 . 2 % 


- 0 . 4 % 


- 0 . 6 % 


- 0 . 8 % 



■ Zero Bank ■ High Offset 
RNo International ■ No inl/Umited 


Source National Enerey Modeling Sy.stem runs. ST1M11LUS.D04I409A, HR2454CAP.D0729b9A. HR2454NOBNK.D072909A, 
HR2454HIOFF D[n29b9A, HR2454HC.D072909A, HR2454NOINT.D072909A, and HR2454NIBIV.D072909A. 
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Table 3. Macroeconomic Impacts of ACESA Main Cases Relative to the Reference Case 


(billion 2000 dollars, except where noted) 



Basic 

Zero 

Bank 

High 

Offsets 

High 

Cost 

No 

Internati 

onal 

No Int / 
Limited 

Cumulative Real Impacts 2012<2030 (present value usinp 4--percent discount rate) 

GDP 







Chanqe 

-566 

-432 

-523 

-781 

7^7 

-1897 

Percent Change 

-0.3% 

-0.2% 

-0.2% 

-0.4% 

-0.3% 

-0.9% 

Consumption 

Change 

-273 

-196 

-252 

-384 

-323 

-988 

Percent Change 

-0.2% 

-0.1% 

-0.2% 

-0.3% 

-0.2% 

-0.7% 

Industrial Shipments (excludes services) 

Change 

-910 

-753 

-480 

-958 

-1720 

-2877 

Percent Change 

-1.0% 

-0.8% 

-0.5% 

-1.1% 

-1.9% 

-3.2% 

Nominal Revenue 
Collected 2012-2030* 

2971 

1292 

1332 

2299 

3462 

6350 

2020 Impacts (not discounted) 

GDP 

Change 

-50 

-19 

-26 

-70 

-34 

-112 

Percent Change 

-0.3% 

-0.1% 

-0.2% 

-0.5% 

-0.2% 

-0.7% 

Consumption 

Change 

-21 

-7 

-11 

-30 

-15 

-64 

Percent Change 

-0.2% 

-0.1% 

-0,1% 

-0.3% 

-0.1% 

-0.6% 

Industrial Shipments (excludes services) 

Change 

-68 

-54 

-32 

-69 

-108 

-186 

Percent Change 

-1.0% 

-0.8% 

-0.5% 

-1.0% 

-1.6% 

-2,8% 

Nominal Revenue 
Collected* 

71 

44 

46 

79 

118 

215 

2030 Impacts (not discounted) 

GDP 

Change 

-161 

-104 

-120 

^■KCEI 



Percent Change 

-0.8% 


-0.6% 


-1.1% 


Consumption 

Change 

-63 

-36 

-50 

-97 

-69 

-180 

Percent Change 


-0.3% 

-0.4% 



-1.3% 

Industrial Shipments (excludes services) 

Change 

-183 

-125 

-87 

-198 

-338 

-506 

Percent Change 

-2.5% 

-1.7% 

-1.2% 

-2.7% 

-4,6% 

-6.8% 

Nomina) Revenue 
Collected" 

330 

205 

211 

367 

556 

1030 


" includes revenues from aiiovvanee auctions iuid revenues generated by the resale of allowances distributed to non-emitters. These values are not 
discounted. 

Note: All changes shown are relative to the Updated AE02009 Reference Case, 

Source: National Energy Modeling vSystem runs, SnMULUS.D04 1409A. HR2454CAP.D072909A, HR2454NOBNK D072909A 
1IR2454HIOFF.D072909A, HR2454HC.D0729O9A, HR2454NOINTD072909A. and HR2454NiBfV.D072909A, 
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On a per-household basis, average non-discounted consumption losses ranges from $95 to $435 
(in 2007 dollars) over the 20 1 2 to 2030 period in the ACESA cases. When discounted, the 
yearly losses average from $59 to $292 (in 2007 dollars) per household. The consumption losses 
escalate starting in 2025 as the allowance prices increase to meet the more stringent emission 
cap. Therefore 2020 household consumption costs are smaller than the losses in 2030 (Figure 
33). The household consumption losses grow over time as energy prices escalate. The 2030 
consumption losses per household are larger than the losses in 2020 as both the carbon allowance 
price and electricity prices increase rapidly post-2025 (Figure 34), In 2020, household 
consumption losses range from $30 to $362; while in 2030, the range in consumption losses is 
from $157 to $850 per household. 


Industrial Impacts 

Industrial energy prices increase more than consumer energy prices because of the allowance 
revenue used to ameliorate energy price impacts for consumers. On average, wholesale energy 
prices increase by double that of consumer energy prices. Figure 35 indicates that industry'^ 
shows larger percentage losses than consumption. By 2030, industrial shipment losses range 
from 1.2 percent in the High Offset Case to 6.8 percent in the No Intemational/Limited Case. 
Manufacturing industries show slightly larger percentage losses than the total industrial sector. 

Figure 33. Household Consumption Cost in ACESA Main Cases 
(2007 dollars) 
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Average Yearly Change In Consumption per 
Household 
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Source- National Energy Modeling .System runs, ST1MULUS,D<I4I409A, HR2454CAP,D072909A, HR2454NODNK,D()72909A, 
HR2454HIOFF,t>072909A. HR2454HC D072909A, HR2454NOINT.D072909A, and HR2454NmiV,D072909A. 


In this section, industry is defined as non-service output. Industry includes manufacturing, agriculture, 
construction, and mining, which are the industries used by the NEMS industrial demand module. 
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Figure 34. Change in Household Consumption in ACESA Main Cases, 2020 and 2030 

(2007 dollars) 
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Source: National Energ>- Modeling System runs, STIMULUS.D04 1409A, HR2454CAP.D072909A. HR2454NOBNK.D072909A, 
HR2454H!OFF.D072909A, HR2454HC-D072909A, HR2454N01NT,D072909A. and HR2454N1BIV.D072909A. 


Figure 35. Industrial Impacts in ACESA Main Cases, 2012-2030 
(percent change from Reference Case) 
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As allowance prices increase, the energy-intensive sectors, including bulk chemicals, glass, 
cement, steel, and aluminum, receive permit allocations of roughly 15 percent of the total 
allocated in 201 3. Their allocation share gradually declines over time, such that by 2030 trade- 
and energy-vulnerable industries obtain just under 7 percent of the allocated permits. Receiving 
these permits ameliorates the impact of increased energy prices and therefore industries face 
energy prices that are not impacted by the permit values.''* As a result, when energy prices 
increase, the reductions in output of these trade- and energy-vulnerable industries are less than 
overall manufacturing impacts and mirror the impacts (in terms of percentage change from the 
Reference Case) of total industrial shipments. In past ElA analysis of industrial impacts of 
energy price increases, these energy-intensive industries typically experience larger losses 
compared to overall manufacturing (Figure 36). 

Total non-farm employment percentage losses are smaller than manufacturing primarily because 
gains in employment in the service sectors (Figure 36). The pattern of manufacturing 
employment losses over time mirrors the pattern shown by real manufacturing shipments in all 
cases. 


Figure 36, Industrial and Employment Impacts in the ACESA Basic Case, 2012-2030 

(percent change from Reference Case) 


Basic Case, Shipments in 2000 Dollars 



Basic Case, Employment 



.Source: National Energy Modeling System runs, STIMULUS.D04l409Aand HMtSdCAltDOtaWA, 


The main ACESA cases give a wide range of industrial impacts depending on which technology 
(and its costs) the electricity sector uses and the availability of international offsets. One 
additional source of uncertainty in the macroeconomic model is how exchange rates will react to 
the imposition of a carbon allowance price. Given no information on how other countries would 
implement carbon emission caps and that the macroeconomic model used in NEMS focuses on 
primarily domestic economic impacts, the exchange rates were not allowed to change from 


'■'See Appendix B for detailed methodology of incorporating these industrial output-based rebates. 
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Reference Case levels. See Appendix B for a description of the assumptions used in the 
macroeconomic model for the ACESA cases. 


Comparison to Earlier EIA Analysis 

EIA has analyzed a number of cap-and-trade bills and policies in recent years. In 2008 EIA 
evaluated S. 2191, the Lieberman-Wamer Climate Security Act of 2007, which was introduced 
in the 1 10*'’ Congress.'^ S, 2191 included an economy-wide cap-and-trade provision covering 
about 87 percent of GHG emissions, with those emissions capped at 40 percent below the 2005 
level in 2030 and 72 percent below the 2005 level in 2050. The caps in ACESA are more 
stringent than those under S. 2 1 9 1 , requiring reductions of 58 percent reduction from 2005 levels 
in 2030 and 83 percent in 2050 and beyond; however, ACESA allows greater use of offsets as a 
compliance measure compared to S, 2191. 

For S. 2191, EIA estimated allowance prices in 2030 of between $62 to $160, including $62 in 
the Core Case and $80 in the High Cost Case (prices in 2007 dollars per metric ton CO 2 - 
equivalent). This compares to ElA’s range of $41 to $191 for ACESA, including $65 in the 
ACESA Basic Case which is most similar to the S. 2191 High Cost Case in terms of electricity 
cost assumptions. ElA’s S. 2191 analysis was based on the Annual Energy Outlook 2008 
{AE02008) that included different energy price paths and macroeconomic growth assumptions 
from AE02009, among other differences. In the AE02009, long-run economic growth is slightly 
lower at 2.4 percent between 2008 and 2030, compared to AE02008’s projected growth at 2.5 
percent. Short-run growth is substantially lower in the AE02009 relative to AE02008 as a result 
of the current recession, Compliance costs as reflected in the estimated allowance prices would 
tend to be lower under the AE02009 Reference Case than under the AE02008 Reference Case,'* 
suggesting somewhat closer compliance costs between ACESA and S. 2191, at least as reflected 
in allowance prices. 

The ACESA allowance allocations and rebates help compensate energy consumers and energy- 
intensive businesses for higher energy costs and play a key role in the estimated energy market 
and macroeconomic response, relative to the projected allowance prices. For energy-intensive 
industries, output and employment impacts are less than under S. 2 1 9 1 since, under ACESA, 
energy-intensive industries are assumed to be compensated for higher energy costs due to 
allowance prices. Under S. 2191. energy-intensive industries were assumed to face the full cost 
of allowance in higher energy prices. 

Similarly, consumer and wholesale energy price increases are mitigated under ACESA through 
2025 as rebates from local distribution companies offset the effect of rising allowance prices on 
electricity and natural gas prices. After 2025, these energy prices grow more rapidly as rebates 


Energy Information Administration, Energy Market and Economic Impacts ofS. 2191, the Ueberman-Warner 
Climate Security Act of 2007, SR/OIAF{2008-0 1 ) (Washington, DC, April 2008), web site 
www.eia.doe.gov/oiaf/servicerpt/s2191/index.htmi. 

' For the published 4£02009, EIA included as a side case an updated S. 2191 Case, called the “LWl 10” Case, with 
assumptions similar to the S. 2191 High Cost Case from the 2008 Service Report. The estimated 2030 allowance 
price mtheAEO20fl9 LWl 10 was $74 per metric ton. compared to $80 allowance price in the original S. 2191 High 
Cost Case based on AEO2fl0S. 
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are phased out, a different pattern than under S. 2191 . Under ACESA, energy prices increase 
immediately in 2012 and then stabilize until 2025, allowing the economy to recover from the 
initial price increase. After 2025, the rapid increase in energy prices causes the economy to 
contract. 

This effect of rebates on energy prices under ACESA accounts for the different time paths of 
GDP and consumption losses in the two studies. Under S. 2191, the losses are immediate and 
increase gradually overtime. Under ACESA, real GDP and consumption losses are relatively 
small until 2025, but escalate rapidly late in the projection period. As a result, the cumulative 
macroeconomic impacts estimated under S. 2191, relative to the estimated allowance prices, 
were greater than those observed under ACESA, even though the 2030 impacts are less. For 
example, in the S. 2191 Core Case, with a 2030 allowance price of $62, the average 
undiscounted loss in real consumption from 2012 to 2030 was estimated to be $47 billion (2000 
dollars). In the ACESA Basic Case, with a 2030 allowance price of $65, the average 
undiscounted loss in real consumption from 2012 to 2030 was $22 billion. The pattern of carbon 
allowance recycling in S. 2191 and H.R. 2454 differed. Revenue recycling to consumers did not 
have a sudden increase post-2025 in S. 2191 as it does in H.R. 2454. In H.R. 2454, since the 
consumer climate change fund is rebated to the consumer in the form of lower personal taxes 
post-2025, consumption impacts in S. 2191 and H.R. 2454 are similar, $68 billion for S, 2191 
and $63 billion for H.R. 2454 in 2030. 
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Acting Administrator 
Energy Information Administration 
1000 Independence Avenue, SW 
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Dear Mr. Gnienspecht: 

One of the top priorities of the Committee on Energy and Commerce is to pass 
comprehmsive climate change legislation. To facilitate this effort, we are requesting technical 
assistance from the Energy Information Administration (EIA). In particular, we request that EIA 
estimate the economic impacts of our draft legislation as it is developed. EIA*s analysis of the 
draft legislation would prove useful to us and other members of the House as we craft measures 
to coro^ global climate change. 

We ask that EIA begin this process by meeting with our staff to discuss the parameters, 
methods, and duration of the analysis. Please call Alexandra Teitz, Lorie Schmidt or Joel 
Beauvais at (202) 225-4407. 


Sincerely, 


Henry A. Waxman 
Chairman 


Edvt^J.M 

Chairman 
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Environment 



1166 


Appendix B: Representing H.R. 2454 in the National Energy Modeling 
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Emissions Modeling 

The analysis of energy sector and economic impacts of the various greenhouse gas (GHG) 
emission reduction measures in the American Clean Energy and Security Act of 2009 (ACESA) 
is based on the Energy Information Administration’s (EIA) National Energy Modeling System 
(NEMS) which is used for projections in the Annual Energy Outlook 2009 {AE02009), including 
an updated Reference Case that reflects provisions of the American Recovery and Reinvestment 
Act (ARRA) and recent changes in the economic outlook.'^ The updated AE02009 Reference 
Case is used as the baseline for the analysis in this report. 

The projection horizon for NEMS extends to 2030, while the emissions policies in the bill extend 
to 2050 and beyond. As a result, this analysis is limited to addressing the bill’s impacts through 
2030; however, some expectations of post-2030 changes affect the modeling, such as assumed 
allowance banking behavior through 2030 and an assumed continuance of allowance price trends 
beyond 2030 when simulating electric power capacity decisions through 2030. 

NEMS endogenously calculates changes in energy-related carbon dioxide (CO 2 ) emissions in the 
analysis cases. The cost of using each fossil fuel includes the costs associated with the GHG 
allowances needed to cover the emissions produced when they are used. These adjustments 
influence energy demand and energy-related CO 2 emissions. The GHG allowance price also 
determines the reductions from projected baseline emissions of other covered GHGs based on 
assumed abatement cost relationships, as well as the potential supplies of domestic and 
international offsets. With emission allowance banking, NEMS solves for a starting allowance 
price and trend such that cumulative emissions match the cumulative emissions target, including 
cumulative bank allowances, with a constant-growth trend in allowance prices consistent with 
the average cost of capital to the electric power sector. 

The NEMS Macroeconomic Activity Module (MAM), which is based on the IHS Global Insight 
U.S. Model, interacts with the energy supply, demand, and conversion modules of NEMS to 
solve for an energy and economy-wide equilibrium. In an iterative process within NEMS, MAM 
reacts to changes in energy prices, energy consumption, and allowance revenues, solving for the 
effect on macroeconomic and industry level variables such as real gross domestic product 
(GDP), the unemployment rate, inflation, and real industrial output. 

Title III Cap-and-Trade Provisions 

Title III of ACESA modifies the Clean Air Act by adding Titles VII and VIII to limit emissions 
of most GHGs through an allowance cap-and-trade system (Title VII) and to impose and modify 
emissions standards affecting other GHGs (Title Vlll). Title HI of ACESA also establishes 
various financial regulations on allowance markets. ElA’s modeling of Title 111 provisions was 
limited to the allowance cap-and-trade system. EIA’s analysis does not reflect a separate cap- 
and-trade system on certain hydrofluorocarbons (HFCs) used primarily as substitutes for ozone- 


” Energy Information Administration, Annual Energy Outlook 2009, DOE/EIA-0383(2009)( Washington, DC, 
February 2009), web site www.eia.doe.Eov/oiaPaeo.tindex.html . and An Updated AE02009 Reference C ase 
Reflecting Provisions of the American Recovery and Reinvestment Act and Recent Changes in the Economic 
Outlook, DOE/EIA-SR-OIAF/2009-03 (Washington, DC, April 2009). 
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depleting substances. Nor does it address the emission standards on other GHG sources not 
covered by the cap-and-trade system, such as methane emissions for landfills and coal mines. 


Establishing the Cap and Coverage Assumptions 

Sec. 721 establishes the overall cap on GHGs by specifying the number of allowances to be 
created each year under certain assumptions about overall 2005 emissions and the coverage 
fractions in 2012, 2014, and 2016 as additional coverage is phased in. The yearly allowance 
quantities are based on specific percentage reductions in 2012, 2020, 2030, and 2050 relative to 
the applicable emissions from covered sources in 2005. The bill sets the reductions targets at 3 
percent in 2012, 17 percent in 2020, 42 percent in 2030, and 83 percent in 2050. See Table Bl. 


Table Bl. Revisions to the GHG Cap for Emissions Accounting and Limitations in 
Modeling Detail 


(million metric tons CO;-equivalent) 



Assumed in Bill 

As Modeled 

Emission 

Level 

Percentage 
of Total 

Emission 

Level 

Percentage of 
Total 

2005 Total Emissions 

7206 

100,0 

7303 

100.0 

2005 Covered emissions, 2012 coverage 

4770 

66.2 

4975 

68,1 

2005 Covered emissions, 2014 coverage 

5455 

75.7 

5589 

76,5 

2005 Covered emissions, 2016 coverage 

6089 

84.5 

6128 

83,9 



Percentage 





of 2005 


Percentage of 


Specified 

Covered 

Revised Cap 

2005 Covered 

Year 

Cap 

Emissions 

as Modeled 

Emissions 

2012 

4627 

97.0 

4826 

97.0 

2013 

4544 

95,3 

4739 

95.3 

2014 

5099 

93,5 

5225 

93,5 

2015 

5003 

91,7 

5128 

91.8 

2016 

5482 

90,0 

5515 

90.0 

2017 

5375 

88.3 

5408 

88.3 

2018 

5269 

86.5 

5301 

86.5 

2019 

5162 

84.8 

5194 

84.8 

2020 

5056 

83.0 

5086 

83.0 

2021 

4903 

80.5 

4933 

80.5 

2022 

4751 

78.0 

4780 

76.0 

2023 

4599 

75.5 

4627 

75.5 

2024 

4446 

73.0 

4474 

73.0 

2025 

4294 

70.5 

4320 

70,5 

2026 

4142 

60 0 

4167 

68-0 

2027 

3990 

65.5 

4014 

65,5 

2028 

3837 

63.0 

3861 

63,0 

2029 

3685 

60.5 

3708 

60.5 

2030 

3533 

58.0 

3554 

58.0 

2050 

1035 

17.0 

1042 

17.0 


The bill establishes a procedure for revising the cap based on any changes in the emissions 
accounting affecting the relative emissions by covered entities or the total 2005 emissions. 
Accordingly, EIA has revised the assumed cap slightly to conform to EIA GHG accounting 
practices and the level of emissions accounting incorporated into NEMS, while adhering to the 
percentage targets for 2012, 2020, and 2030 set forth in the bill. Targets for intervening years 
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are established by using a uniform annual decline in the amount of emissions between the years 
specified. Table B 1 presents the original and revised caps as assumed in this analysis through 
2030. 

The bill phases in the allowance requirements for some emission sources. Emissions from 
petroleum combustion and electric power companies are covered at the onset of the program 
starting in 2012. In 2014 and 2015, it is estimated that approximately 72 percent of the natural 
gas used in the industrial sector is subject to the allowance holding requirement. The allowance 
obligation for local distribution companies (LDCs) supplying natural gas to non-covered entities 
begins in 2016. It was assumed that CO 2 emissions from natural gas that is not consumed by 
covered industrial and electric power companies will be supplied by LDCs. Therefore all CO 2 
emissions from natural gas are assumed to be covered beginning in 2016. By 2016, all energy- 
related CO 2 emissions, other than those attributed to a small amount of residential and 
commercial sector coal usage, are assumed to be covered. 

A small amount of emissions from other industrial emissions are also subject to the allowance 
holding requirement. These gases include nitrous oxide from adipic acid and nitric acid 
production, non-energy process emissions of carbon dioxide, and emissions of fluorinated gases 
other than those MFCs used as substitutes for ozone-depleting substances (a separate cap on the 
latter group of gases is established in the bill but is not treated in the modeling conducted for this 
report). Due to model limitations, the coverage of emissions of these gases is programmed to 
begin in 2012, rather than in 2014 as required in the bill. 

Limits on Offset Credits 

H.R. 2454 establishes an overall limit on international and domestic offset credits of 2 billion 
metric tons (BMT) of the allowance requirements, with each source limited to half the total. The 
domestic and international offset limits are applied on a pro-rata basis on individual covered 
entities. The pro-rata limit is a maximum percentage of the allowance obligation that can be met 
using offsets. The pro-rata limit can therefore restrict offset usage independently of the overall 
2-BMT limit. The pro-rata limit is calculated as follows: 

MaxOffSetPcty= 100 * (2000 / (2000 + CAPy)), where 

MaxOffSetPcty is the maximum percentage of the allowance obligation that can be met 
through offsets in year y, and 

CAPy is the emissions cap, or number of allowances issued, for year y, in million metric 

tons COi-equivalent. 

The pro-rata limit would restrict the aggregate use of offsets below the overall 2-BMT limit 
unless covered emissions exceeded the cap by 2 BMT, assuming all covered entities used the 
maximum allowable percentage. As with the overall limit, domestic and international offsets 
under the pro-rata limit can each be no more than half the total, with one exception which can be 
triggered by the Environmental Protection Agency (EPA) Administrator, If the EPA 
Administrator expects the availability of domestic offset credits to be less than 900 million 
metric tons (MMT) in any year given expected allowance prices, the maximum percentage of 
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international offsets is increased, and the domestic offset percentage decreased. The maximum 
offset percentage is changed to reflect an increase in the international offsets by an amount equal 
to 1 ,000 MMT less the expected domestic offset availability, up to an increase of 500 MMT of 
additional international offsets. 

Domestic offset credits substitute for allowances on a 1-for-l basis. International offset credits 
are exchanged for allowance requirements on a 1-for-l basis through 2017. Beginning in 2018, 
1.25 international offset credits are required to substitute for one allowance. 

Assumptions for Non-COi Emissions Abatement and Offset Supplies 

Assessing ACESA requires an analysis of energy-related COj emissions and non-C02 GHG 
emissions. NEMS represents U.S. energy markets and the associated COj emissions and 
abatement opportunities endogenously. Non-C02 GHG emissions and international offsets are 
represented using exogenous baseline emissions projections and schedules of abatement 
opportunities over time and by price. To reflect the reduction in non-energy-reiated GHG 
emissions, ElA relies on these assumed economic relationships to quantify the potential 
emissions abatement and offset supplies that would occur over a range of allowance or offset 
prices. 

To a great extent, ElA bases abatement and offset supply assumptions on research and analysis 
by EPA. EPA has provided EIA with estimates of baselines and domestic and international 
“marginal abatement cost curves,” or MACs, for various sources of GHG emissions and biogenic 
carbon sequestration. The MACs reflect the estimated economic GHG abatements that could be 
achieved from emission reduction projects, given a price or value on GHG emissions reductions. 
Such estimates tend to reflect the technical potential for emissions reductions with positive rates 
of return and do not reflect institutional and market factors affecting adoption of abatement and 
offset options. As a result, ElA has incorporated discounting and market penetration 
assumptions to reflect these factors. Such estimates are naturally subject to a great deal of 
uncertainty, particularly with regard to international offsets. 

The availability and price of international offsets from energy- and non-energy-related projects 
will depend on the global supply of and demand for emission reductions. The U.S. demand for 
offsets will compete with the demand for emissions abatement outside the United States, which, 
in turn, will depend on the emissions reduction commitments undertaken by other countries. 
Under ACESA, covered entities can submit project-level or sector-level offsets from developing 
countries that have established agreements with the United States to ensure that requirements for 
monitoring and verification are fulfilled. Under Sec. 728, covered entities may also submit 
allowances from approved countries that have established cap-and-trade systems of comparable 
stringency and scope. Allowances supplied under Sec. 728 do not count against offset limits and 
are not subject to any quantitative limits initially. 

The potential supply of offset credits and allowances to the United States is derived based on the 
excess supply of potential abatement for the world, relative to the assumed demands for 
abatement based on stated or assumed emissions reduction commitments. Given that the capped 
sources of emissions under ACESA are primarily energy-related CO 2 , the supply of CO 2 
abatement from the Group 1 developed countries would potentially qualify as a source of 
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comparable allowances. However, countries having equally stringent caps could face similar 
compliance costs at the margin, possibly limiting the potential for international allowance 
trading. Therefore, no net trade in international allowances was assumed. 


international abatement supply is based on EPA-provided MACs for CO 2 , other GHGs, and 
forestry/agriculture. In processing the MACS to obtain offset supply, EIA applies discounts and 
market penetration assumptions to reflect the market response to the technical abatement 
potential. EPA has disaggregated GHG abatements into two regional categories: Group 1 
nations (Europe, Canada, Japan, Australia, and New Zealand) and Group 2 nations (the rest of 
world, excluding United States), 


To reflect world competition for offset supplies, the international abatement market is assumed 
to establish a floor price, above which excess abatement supplies can penetrate the U.S, market 
in the form of offset credits from developing countries and, potentially, allowances from 
countries assumed to have comparable caps in place. A floor price, or international GHG 
abatement price excluding the United States, is estimated by combining annualized abatement 
supplies and abatement demand and solving for the market price each year. This approach 
allows the U.S. market for allowances to be treated somewhat independently from the world 
market and allows offset supplies to the United States to be restricted to developing countries, as 
specified in the bill. 

The assumed international abatement demand is defined as international baseline emissions 
minus stated or hypothetical commitments to various emissions levels (Table B2). The reference 
emissions baseline shown is based on estimates originally provided by EPA and used in several 
previous EIA studies, but the non-U, S. energy-related CO 2 growth rates through 2030 have been 
updated to reflect the CO 2 projections in the EIA International Energy Outlook 2009 {IE02009) 
Reference Case, which does not reflect any international commitments to cap GHGs. 


Table B2. Assumed International Abatement Demand, Excluding the United States 

(million metric tons carbon dioxide equivalent) 



Reference Emissions 

Policy Assumption 

Cap 

Abatement I 



Group 1 




1990 

8188 

16268 

Reference 

Reference 

8188 

16268 

0 

0 

0 

1995 

8403 


Reference 

Reference 

8403 


0 

0 

0 

2000 

8619 

19736 

Reference 

Reference 

8619 

19736 

0 

0 

0 

2005 

8848 

21535 

Reference 

Reference 

8848 

21535 

0 

0 

0 

2010 

8697 

24778 

5,0% below 1990 

No Policy 

7778 

24778 

919 

0 

919 

2015 

8851 

27069 

8.3% below 1990 

No Policy 

7508 

27069 

1343 

0 

1343 

2020 

9051 

29503 

16,6% below 1990 

No Policy 

6828 

29503 

2223 

0 

2223 

2025 

9089 

31942 

16,6% below 1990 

2020 levels 

6828 

29503 

2260 

2439 

4699 

2030 

9118 


26.6% below 1990 

2020 levels 

6010 

29503 

3108 

4799 

7908 

2035 

9214 

36720 

26.6% below 1990 

2020 levels 

6010 

29503 

3204 

7217 

10421 

2040 

9340 

39196 

36.6% below 1990 

2020 levels 

5191 

29503 

4149 

9693 

13842 

2045 

9471 

41470 

36.6% below 1990 

2020 levels 

5191 

29503 

4280 

11967 

16246 

2050 

9601 

43743 

46.6% below 1990 

2020 levels 

4372 

29503 

5229 

14240 

19470 
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Under ACESA, allowable sources of international offset credits are from developing countries 
that have established bilateral or multilateral agreements with the United States to ensure the 
offset requirements of the bill are fulfilled. For this analysis, it is assumed that the Group 2 
countries will be deemed developing countries and that their participation will increase gradually 
over time as reflected by imposing a gradual market penetration function to their offset supplies. 
In the case of offsets from reduced deforestation, the bill specifies substantial additional 
regulatory requirements, such as agreements on national baselines, technical capacity to monitor, 
measure, report, and verify forest carbon fluxes, and institutional capacity to reduce 
deforestation, such as strong forest governance. These requirements will likely reduce the 
potential sources of forestry offsets to a subset of Group 2 countries. As a result, the technical 
potential of forestry-related abatement from Group 2 countries as provided by EPA has been 
discounted by 50 percent and a slower rate of market penetration has been applied than with 
other offset abatement supply sources. 

Table B3 displays the assumed supply schedule of international offset credits, given these 
considerations. Both the gross Group 2 offset supply and the supply net of international 
abatement demand are shown, given the estimated international floor price for GHG abatement. 
The latter schedule (net supply) represents the supplies assumed to be available to the United 
States. 

Depending on how international offsets are regulated and how fast the requisite international 
agreements or arrangements are formed, the potential availability of low-cost international 
offsets could be substantially different (greater or smaller) than assumed. In the ACESA High 
Offsets Case, the maximum allowable quantity of international offsets was assumed to be 
available in every projection year at the allowance price of that year. 

Allowance Banking and Borrowing 

To reflect banking incentives and trading arbitrage, allowance prices escalate at a rate no higher 
than 7.4 percent per year in real terms during intervals when allowance balances are held. This 
rate reflects the average cost of capital in the electric power sector, where a significant share of 
emissions reduction investments is expected to occur. 

ACESA calls for increasingly stringent emissions caps beyond 2030, the forecast horizon for 
NEMS. Meeting these post-2030 caps will require significant emission reductions outside the 
electricity sector, the predominant source of early emissions reductions, and increase future price 
pressure, absent significant technological breakthrough in transportation and other uses that are 
dependent on fossil fuels. As a result, EIA assumes that covered entities and traders will amass a 
substantial allowance bank balance by the end of 2030. Based on recent modeling work by the 
EPA to evaluate ACESA impacts, an approximate average allowance balance of 13 BMT in 
2030 was estimated across various scenarios they considered, an increase of cumulative 
abatement of roughly 50 percent above the minimum required under ACESA through 2030. 

This level of allowance banking is consistent with the greater difficulty of complying with the 
increasingly stringent post-2030 caps under continued growth in population and the economy. 
While the level of banking would also depend on other economic assumptions, such as the 
availability and cost of international offsets, the 13-BMT-balance assumption was applied in ail 
but one of the cases analyzed. In the ACESA High Banking Case, where banked allowances 
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were assumed to rise to 20 BMT, approximating the highest level observed in EPA’s ACESA 
cases. 


Table B3. Assumed Gross and Net Supply Schedule of International Offsets from 
Developing Countries 


(million metric tons C02-equivalent) 



■ 



■nil 

i^nHi 


1 

Potental Gross Quantity of Offsets Supplied 
(millon metric tons C02 equivalent) 



20151 


2025! 

2030 


$0.0 

0 

0 

0 

0 

0 


$0.3 

71 

41 

151 

264 

327 


$3 

131 

97 

294 

684 

992 


$5 

185 

156 

454 

1106 

1611 


$8 

229 

234 

622 

1762 

2630 


$11 

273 

335 

855 

2578 

3932 


$14 

322 

459 

1160 

3578 

5320 


$20 

366 

727 

1955 

6120 

8232 


$27 

455 

1083 

3062 

9384 

11361 


$34 

527 

1507 

4270 

1224B 

14244 


$41 

603 

2036 

5602 

147B2 

16206 


$48 

665 

2600 

6951 

16922 

17760 


$55 

772 

3444 

B248 

18881 

19263 


$61 

861 

4208 

9322 

20521 

20584 

international Floor Price (2000 dollars per 







tonne C02) 


$1315 

$12.68 

$11.81 

$10.80 

$15.81 

international Abatement Demand at floor price 






(million metric tons C02 equivalent) 


3063 

404.2 

937.1 

2523,3 

6200.3 

Offset SuoDiv. Net of International Abatement Demand 



Potental Net Quantity of Offsets Supplied 




(millon metric tons C02 equivalent) 




20151 

2020I 

2025) 

2030 


170 

0 

0 

0 

0 

0 


$0.3 

0 

0 

0 

0 

0 


$3 

0 

0 

0 

0 

0 


$S 

0 

0 

0 

0 

0 


$8 

0 

0 

0 

0 

0 


$11 

0 

0 

0 

55 

0 


$14 

14 

54 

223 

1054 

0 


$20 

80 

323 

1017 

3596 

2032 


$27 

147 

679 

2125 

6661 

5161 


$34 

216 

1103 

3333 

9725 

8044 


$41 

295 

1632 

4665 

12259 

10005 


$48 

376 

2276 

6014 

14399 

11560 


$55 

464 

3040 

7311 

16350 

13062 


$61 

553 

3603 

8385 

17998 

14384 


Treatment of Allowance Prices in Energy Prices 

Under ACESA, the allowance obligations are imposed on an upstream basis, on producers and 
importers rather than end users, for all emissions from petroleum and a portion of natural gas 
sold by LDCs to uncovered entities. Allowance obligations for coal and natural gas covered 
entities in the industrial and electric power sectors are imposed on a downstream basis. This 
mixed regulatory approach has implications for how allowance costs are reflected in the 
modeling of delivered energy prices. 

• The allowance holding requirement on covered entities for their coal-related and natural-gas- 
related CO 2 emissions is an incremental opportunity cost of using coal. For modeling 
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purposes, the allowance cost was added to the delivered price of coal and natural gas to 
reflect the opportunity cost faced by these covered entities. 

• For petroleum and uncovered natural gas regulated upstream, it is assumed that the allowance 
costs associated with the related CO 2 emissions are passed through in the delivered prices, 
with some exceptions. 

• CO 2 emissions from refineries’ direct fuel combustion of petroleum-based fuels would be 
subject to the allowance requirement. However, the incremental cost of these allowances is 
not explicitly reflected in delivered petroleum prices, as the Petroleum Market Module of 
NEMS is not structured to represent such costs explicitly, 

• To reflect the bill’s allowance allocations to electricity and natural gas LDCs for rebates to 
end users, average delivered prices are adjusted to reflect the rebates. Consumers receiving 
such rebates are assumed to treat their net average energy cost as the price basis for fuel- 
related decisions. 

Additional details on modeling treatment of specific elements of the cap-and-trade provisions 

and other bill provisions are presented below for each modeling area. 


Buildings Sector 

The ACESA legislation contains several provisions designed to reduce energy use in buildings 
and to provide credit for buildings-related renewable electricity generation. The programs 
include codes and standards as well as direct funding from the sale of allowance aimed at 
increasing the energy efficiency in buildings. The buildings sector energy efficiency provisions 
directly modeled in NEMS include the following: 

Building Codes (Section 201) 

Section 201 establishes Federal building codes for both residential and commercial buildings, 
with provisions to improve the code every several years. This provision is funded with 0.5 
percent of the total emissions allowances and is implemented in both the NEMS residential and 
commercial demand modules. 

All of the improvements in commercial building codes are relative to the American Society of 
Heating, Refrigeration and Air Conditioning Engineers (ASHRAE) code 90.1-2004 and are 
assumed to be feasible. The building code efficiency improves by 30 percent upon enactment of 
the bill and by 50 percent in 2015, with 5-percent incremental improvements to the 2015 code 
every 3 years thereafter. It is assumed that the codes are phased in over 5 years following State 
adoption, reflecting the time it takes States to fully comply with each revision of the building 
code. 
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The improvements in residential building codes are relative to the International Energy 
Conservation Code (lECC) 2006. Similar to the commercial sector implementation, a 30-percent 
improvement in the code occurs with the enactment of the bill, with subsequent increments 
identical to those for commercial buildings over the projection period. Each code improvement, 
following State adoption, is assumed to require 5 years for all the States to fully comply; 
however, each of the nine Census divisions complies consistent with the historical level of 
building code compliance in each State.'® 

Existing Building Retrofit Program (Section 202) 

Section 202 establishes the Retrofit for Energy and Environmental Performance (REEP) program 
which is funded by allowance allocation revenues as specified in section 782(g). Because 
individual States determine the amount of money to spend on various sectors of the economy 
(buildings, transportation, industry, etc) and the fact that allowance revenue streams and 
allocations for this provision change over the projection period, the energy savings impacts of 
this provision are subject to great uncertainty. For this analysis, it is assumed that $2 billion per 
year is available to retrofit residential buildings and that the investment and energy savings per 
house are comparable to EIA’s previous analysis of the impact of weatherization funding 
included in ARRA.'’ For commercial buildings, it is assumed that funding is available to 
improve the shell efficiency of existing buildings by an additional 1 percent relative to the 
Reference Case by 2030. 

Standard,s (Sections 211 and 212) 

• Outdoor lighting standards effective 2011 to 20 1 5 

• Hot and cold water dispensers effective 20 1 2 

• Hot food holding cabinets effective 2012 

The impact of the above standards is relatively modest. In the residential sector, the 
preponderance of lighting fixtures are located inside the house and many outdoor fixtures use 
traditional incandescent bulbs, which are already covered by aggressive efficiency standards 
under the Energy Independence and Security Act of 2007. The commercial sector accounts for 
outdoor stationary lighting such as roadway lighting, parking lots, billboards, airport runways, 
etc., which account for only about 8 percent of all lighting use in the United States. 

Rebates for Natural Gas and Oil Customers (Sections 782b and 782c) 

Sections 782b and 782c allocate a relatively small portion of the overall emission allowances to 
oil and natural gas customers specifically for energy efficiency programs. In the buildings 
sector, these provisions are assumed to take the form of rebate programs for the purchase of 
energy-efficient furnaces and boilers. 


'* Each .State was given a “score” from ! to 5 and weighted by housing permits to calculate a Census division 
average. The relative score for each State was derived from American Council for an Energy-Efficient Economy 
(ACEEE), The State Energy E,fficiency Scorecard/or 2006, June 2007. 

For more detail on the assumptions, see http://www,eia,doe.gov/oiaf/servicerpt/stimulus/index.html. 

Navigant Consulting incorporated, tf.S. Lighting Market C haracterization, lolumel: National Lighting 
Inventory and Energy C onsumption Estimate, September 2002. 
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Buildings sector participation in the Renewable Electricity Credit program that is part of the 
ACESA Clean Energy Title is directly modeled as discussed below. 


Industrial Sector 

Title I, Subtitle B, Section 115 promotes the commercial deployment of carbon capture and 
storage (CCS) technologies. After review of the state of the current technology, it was 
determined that the industrial CCS provision in the proposal would not be readily adopted by 
industry. This technology as it applies under the stipulations of the provision would require very 
large investments to retrofit existing facilities (or add new ones) and substantial land areas at an 
industrial site to capture the COj. Space is always limited at industrial facilities and the addition 
of new land would ultimately add a high “real-estate premium” to adoption of these systems. 
Many industries already producing pure CO 2 streams that could be supplied for CCS but these 
streams are already sold as a valued-added secondary product in the food industries and for 
enhanced oil recovery, among others. Consequently, it is assumed that industrial non-refining 
CCS would not penetrate that market through the projection period. 

Title I, Subtitle C, Sections 123 and 125 provide financial assistance to automobile 
manufacturers to facilitate the manufacture of plug-in and other advanced technology vehicles. 

In the manufacture of vehicles, the platforms used and designed to manufacture standard vehicles 
are the same as those to manufacture plug-in and other advance technology vehicles. As such, 
the energy efficiency trends for the transportation equipment industry (NAICS 336) are assumed 
to be unchanged relative to the AE02009 Reference Case. 

Title I, Subtitle H, Section 173, establishes several Centers for Energy and Environmental 
Knowledge and Outreach. Each center is to provide technical assistance, including energy 
savings assessments for industrial establishments. The proposed increased funding for energy 
savings assessments programs is expected to accelerate the penetration of energy efficiency 
measures and options in industries. To model this, the industrial demand module (IDM) of 
NEMS used the industrial sector high technology assumptions of AE02009. 

Title II, Subtitle D establishes various energy efficiency standards and programs for industries. 
The design and implementation of these standards and programs are yet to be decided. Due to 
this lack of information, no model changes were made to accommodate this part of the bill. Title 
11, Subtitle D, Sections 244 and 245 establishes a rebate and incentive programs designed to 
increase industrial motor efficiency. These were not adequately defined in the proposal and 
therefore no changes pertaining to the rebate and programs were made in the IDM. 

Nevertheless, the motor model remains an economic and technology choice system, and as such, 
any changes in industrial production and energy prices will impact the projected energy use in 
motors in industry. 

The allocation of carbon allowances in the IDM has been applied as prescribed by the bill. 

These allowances are allocated to energy-intensive industries only, as indirect emissions 
allowances in 20 1 2 and 20 1 3 and full emissions allowances (direct and indirect) for the 
remaining timeframe. This allocation is, however, phased out beginning in 2025 as mandated in 
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the proposal. To accurately reflect the lack of CO 2 emissions coverage for small industrial 
emitters in the early years of the cap-and-trade regime, a bifurcation of natural gas consumption 
was applied to the IDM for calendar years 2014 and 2015. 

Transportation Sector 

ACESA includes several provisions that are related to transportation, .specifically. Sections 121- 
1 30 and Sections 22 1 -224. However, none of these provisions have been incorporated into 
NEMS because they call for (a) analysis and not action, (b) the creation of programs without any 
specific measures that can be modeled in NEMS, or (c) are of such limited nature that they are 
not deemed large enough to impact transportation trends significantly. 

• Section 121 mandates utilities to complete studies assessing the future electrification of 
the U.S. transportation fleet. 

• Section 122 calls for the establishment of a program by which the Secretary of Energy 
can provide financial assistance to State or local governments for the demonstration of 
plug-in hybrid electric vehicles. 

• Section 123 establishes a program by which the Secretary of Energy can provide 
financial assistance to automobile manufacturers to facilitate the manufacture of plug-in 
electric drive vehicles. 

• Section 124 grants various emissions credits to the manufacture of alternatively-fueled 
vehicles. 

• Section 125 provides loans to manufacturers of advanced vehicle technology. 

• Section 126 amends the term "renewable biomass." 

• Section 127 calls for the promotion of an open fuel standard and allows regulations to 
require each light-duty automobile manufacturer to produce a minimum percentage of 
fuel-choice-enabling automobiles. 

• Section 128 amends diesel emissions regulations. 

• Section 129 provides loan guarantees for the construction of renewable fuel pipelines. 

• Section 221 calls for studies to propose changes to the emissions standards for heavy- 
duty vehicles, non-road vehicles, and aircraft engines. 

• Section 222 calls for States to produce plans and create goals for the reduction of GHG 
emissions from transportation. 

• Section 223 establishes within EPA a SmartWay T ransport program to quantify, 
demonstrate, and promote transportation efficiency programs. 
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• Section 224 allows the Secretary of Energy to change State vehicle fleet requirements. 


New Fuel Economy and Tailpipe Emissions Standards for Light-Duty Vehicles 

President Obama unveiled a plan for tougher vehicle fuel economy standards that would require 
passenger cars to reach a fleet average of 39 miles per gallon and light trucks to reach a fleet 
average of 30 miles per gallon in model year 2016. The President has called for EPA and the 
National Highway Traffic Safety Administration to jointly produce these new standards as both a 
footprint based Corporate Average Fuel Economy and a tailpipe emissions standard. Since the 
policy change was only recently announced by the President and has not been formally 
implemented, the new fuel economy standards are only included in a sensitivity case for 
ACESA. 

In the sensitivity case, the new fuel efficiency standards have been incorporated into NEMS that 
meet and slightly exceed the President’s targets for model year 2016. The revised standards do 
not start in NEMS until 2012, as fuel economy standards for model year 201 1 have already been 
promulgated by the National Highway Traffic Safety Administration, Standards are assumed to 
remain the same after model year 2016, 


Macroeconomic 

In all cases, MAM assumes exchange rates remain at the Reference Case levels. EIA assumes, 
as has been customary in several historical responses by the Federal Reserve, that the Federal 
Reserve will use a modified Taylor rule which will decrease interest rates in the face of rising 
unemployment. MAM takes all appropriate energy price and quantity variables from NEMS and 
converts them into IHS Global Insight aggregate energy measures. 

Specific to the ACESA analysis, MAM implemented two major modeling changes: one 
pertaining to energy-intensive industries and the other to redistributing carbon allowance 
revenues back to the economy. As part of the H.R. 2454 bill, section 782 (e) allocates shares of 
allowances to trade- and energy-vulnerable industries. In MAM. these industries are impacted 
by various industrial fuel prices as well as overall changes in final demands. In the ACESA 
analysis, the energy-intensive industries react to pre-tax industry fuel prices, rather than post-tax 
prices under the assumption that when the industries receive the allocated allowances, the 
revenue will enable them to restructure their production processes to ameliorate the impact of 
rapidly rising energy prices. 

MAM redistributes a certain portion of total allowance revenue. The following list includes the 
revenues being collected and redistributed by the model: Section 726 Strategic Reserve, Section 
781, Supplemental Reserves, Section 782 (d) Low Income Allocation; Section 782 (g) 
Investment in Energy Efficiency and Renewable Energy; Section 782 (g) 1 f Investment in 
Energy Efficiency and Renewable Energy; Section 782 (g) Investment in Energy Efficiency and 
Renewable Energy (2) building codes; Section 782(h) Clean Energy Innovation Centers; Section 
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782(i) Clean Vehicle Technology; Section 782(k) Investment in workers; Section 782 (I) 
Domestic Adaptation; Section 782 (m) Wildlife and Natural Resource; Section 782 (m) Wildlife 
and Natural Resource; Section 782 (n) International Adaptation; Section 782 (o) International 
Clean Technology; and Section 782 (r) Consumer Climate Change Refund, MAM treated 
Section 782 (d) low income allocations as transfer payments, Section 782 (n) and (o) 
(international transfer of allocations) as other Federal government transfers to the rest of the 
world. Sections 782 (g) (h) (i) (k) (1) (m). Section 726 and Section 781 were treated as Federal 
government non-defense spending. Section 782 (r) which distributed funds post-2025 were 
treated as lump-sum personal tax rebates. All of the other allowances specified in H.R. 2454 
went to energy-producing or -distributing entities or were given to energy-intensive industries 
and were not collected or redistributed by MAM. Changing the level of non-defense government 
expenditures insured that the Federal deficit at full employment was unchanged from the 
Reference Case across all ACESA cases. The uses of the carbon allowance revenues as 
stipulated by H.R. 2454 were modeled; however to the extent that the resulting change in 
government expenditures were lower than the actual amounts specified by the bill, other non- 
defense government expenditures would have to be reduced to insure unchanged Federal deficits 
over time. 


Electric Power and Coal 


Renewable Electricity Credits 

Section 101 establishes a program requiring retail electric suppliers to submit renewable energy 
credits and electricity savings equal to a percentage of their annual electricity sales beginning in 
2012. Distributed renewable generation facilities are issued 3 Federal renewable electricity 
credits for each megawatthour of renewable electricity generated with the granting of triple 
credits to be reviewed for adjustment in 2014 and every 4 years thereafter. It is assumed that the 
adjustment reviews result in an adjustment to I Federal renewable electricity credit per megawatt 
hour issued to distributed generation facilities starting in 2014. However, distributed renewable 
generators placed in service during a year when triple credit is granted continue to receive triple 
credit for 10 years. This provision is directly modeled in the buildings sector but is expected to 
have minimal impact on buildings sector renewable generation because the requirements of the 
cap-and-trade program in ACESA lead to sufficient renewable generation capacity in the power 
sector to meet the renewable electricity standard targets. 
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Carbon Capture and Sequestration 

Section 1 14 outlines a CCS demonstration program that is to be run by the private sector, under 
the lead of the Electric Power Research Institute and funded by small fees on the distribution of 
fossil-fired electricity. The fees range from 0.22 mills per kilowatthour for natural-gas-fired 
electricity to 0,43 mills per kilowatthour for coal-fired electricity. The goal of this 10-year, $ 10- 
billion program is to support 5 commercial-scale CCS or conversion technology projects. The 
small fees on fossil-fired electricity distribution specified in this section are accounted for in the 
cases analyzed for this report and are assessed for the years 2010 through 2019. 

Section 1 15 adds Section 786 “Commercial Deployment of Carbon Capture and Sequestration 
Technologies” to Section H of Title Vll of the Clean Air Act. This section establishes a program 
to distribute bonus GHG emission allowances to new projects in the electricity and industrial 
sectors to help defray the costs associated with equipment and infrastructure needed to capture 
and sequester CO 2 emissions produced from the eombustion of fossil fuels at these facilities. To 
be eligible for the bonus allowances allocated for this program, the project must derive at least 
50 percent of its energy input from coal and/or petroleum coke. The first 6 gigawatts of approved 
capacity under this program are eligible to reeeive a $90 bonus allowance for each metric ton of 
CO 2 captured and sequestered. Beyond the initial 6 gigawatts of capacity with CCS, an 
additional 66 gigawatts are eligible for bonus allowanees on the basis of a reverse auction 
administered by EPA or, at EPA’s discretion, an alternative program for distributing the 
program’s remaining bonus allowances. Only 1 gigawatt of retrofitted CCS capacity at existing 
plants is eligible for bonus allowances allocated under this section. Qualified CCS projects are 
eligible for 1.75 percent of allowances established according to section 721(a) for the years 2014 
though 2017, 4.75 percent of allowances for the years 2018 and 2019, and 5.0 percent of 
allowances for the years 2020 through 2050. 

This program is represented within the analysis for this report by reducing the estimated costs of 
new coal-fired generating capacity by the value of the bonus allowances that the plant would be 
eligible to receive. The amount of new coal-fired generating capacity projected within a given 
forecast scenario is determined by a number of factors such as the costs and availability of 
electricity from other generating technologies, the availability of international and domestic 
offsets, and the projected levels of electricity demand. 

Section 1 1 6 adds a new Section 8 1 2 “Performance Standards For New Coal-Fired Power Plants” 
to Title Vlll of the Clean Air Act, which specifies that new power plants authorized under State 
or Federal law to derive at least 30 percent of their energy input from coal and/or petroleum coke 
will initially be required to capture and sequester a minimum of 50 percent of their potential CO 2 
emissions. The CCS requirement rises to 65 percent for plants built in 2020 or later. 

Addifionally, based on reviews of the standards to be completed by the EPA Administrator at 5- 
year intervals, and beginning no later than 2025, CCS requirements would be increased to levels 
higher than 65 percent if higher capture and storage rates are determined to be reasonably 
achievable. In the analysis completed for this report, new coal-fired power plants with CCS are 
assumed to capture and sequester 90 percent of their potential CO 2 emissions. 
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Peak Demand Reductions (Section 143) 

This section requires States to determine and publish peak demand reduction goals for load- 
serving entities with a baseline above 250 megawatts. The Secretary, with the Federal Energy 
Regulatory Commission (FERC) and the North American Electricity Reliability Council, will 
develop a methodology for measurement and verification of demand response. The FERC report 
2009 National Demand Response Potential Assessment should be used to help determine peak 
reduction goals. The load-serving entities must reduce peak load by 2012 and further by 2015, by 
amounts determined by each State. 

This program is represented in the analysis by assuming that peak demand will be reduced by 3 
percent by 2020, instead of the 1 percent assumed in the Reference Case due to ARRA. 

Allocation of Emission Allowances (Sec. 782) 

Section 782 (a)(1) allocates allowances for the benefit of electricity consumers, starting at 44 
percent of total allowances in 2012 and falling overtime through 2029, after which no further 
allowances are given out. Section 782 (a)(2) allocates a separate 0.5 percent specifically to small 
load distribution centers. For modeling purposes, these allowances are added together and 
treated as one allocation. Section 783 describes the method of distributing the allowances, with 
the majority going to LDCs to be used exclusively for the benefit of retail ratepayers. Up to 10 
percent of the allowances under this section can be given to merchant coal generators, based on 
their qualifying emissions through a base historical period. 

These allocations are accounted for in the electricity pricing calculations. The allowances given 
to merchant coal generators are calculated based on historic emissions, and the value of the 
allowances in each year would offset the rising fuel costs in the affected regions. The remaining 
allowances are shared to the regions based on a combination of historic emissions and overall 
electricity sales, as described in Section 783(b)(2) and Section 783(b)(3). The revenue from this 
allowance allocation is assumed to go to reduced distribution costs, lowering the distribution 
component of electricity price to all consumers. 
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Cutting Global Warming Pollution For a Dime A Day 

Key Findings from Recent Government Analyses of Current Climate Legislation 


Last week, the Congressional Budget Office published its analysis of the costs of climate 
legislation currently under consideration by the House — H.R. 2454, the American Clean 
Energy and Security Act (ACES). Earlier this week, the Environmental Protection Agency 
released its own analysis of the bill. 

Taken together, these two studies represent the most credible analyses available of the economic 
impacts of this legislation. The EPA study is a comprehensive macroeconomic analysis of the 
costs of reducing carhon emissions over the entire duration of the program, from 2012 through 
2050. The CBO study, meanwhile, is a more focused analysis of the potential impacts in the 
year 2020, based on detailed data on current production and consumption patterns in the U.S. 
economy. 

It’s crucial to note that these estimates all correspond to the cost of climate policy compared to 
business as usual. But in reality, the business-as-usual scenario doesn’t exist. Ifs a fantasy-land 
scenario in which there are no economic costs of unchecked climate change - and we all know 
thafs there’s no such thing. The EPA and CBO analyses, like almost all economic modeling 
studies, looks at only one side of the ledger: the costs of action, but not the benefits of averting 
the catastrophic consequences of climate change. 

Here are a few highlights. 


Economic groroth 

EPA’ s new analysis shows that the U.S. economy will grow stronP ; ly under the proposed 
legislation. According to the EPA forecasts: 

> In the year 2015, the estimated impact on GDP of HR 2454, relative to a no-policy case, 
ranges from a slight reduction of 0.4% to an increase of 0.1%. 

If By the year 2030, the U.S. economy will be 70 percent larger than it is today. The 
estimated impact of HR 2454 is a reduction of 0.4% to 1% relative to the baseline. 

> On an annual basis, the estimated impact will be imperceptible: just two- to four- 
bundredths of a percentage point (0.02 - 0.04 %). 
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> To put that in perspective, if the American economy will reach $23 trillion in January 
2030 if we do nothing to address climate change, it will get there sometime between 
February and May with a carbon cap. 


Household impacts 

While macroeconomic analyses can give a sense of the big picture, it may be more useful to hone 
in on the household-level impacts. What are the costs for the average American family? The 
EPA and CBO analyses gives us a clear sense of what the costs of the biU are likely to be, and 
they are small. 

The CBO estimates that the cost to the average household in the year 2020 will be just 
$175 — less than fifty cents a day. 

> Because of provisions designed to protect low- to moderate-income families, the impacts 
are even smaller at the low end of the income scale. CBO estimates that the poorest one- 
fifth of U.S. households would see a benefit of $40 a year through tax refunds and 
assistance with utility bills. The next fifth of households, meanwhile, would pay just $40. 

> The EPA’s analvsis, using more dynamic models of the macroeconomy, comes in with 
even lower costs. According to the EPA’s estimate, for example, the average cost to 
households in the year 2015 will be just $21 to $70. 

> In fact, over the entire span of the bill, the EPA’s estimated average annual cost is just 
$80 to $111 per household, in present value. That is just 22 to 30 cents a day for the 
average American family — less than the cost of a postage stamp. 

> In fact, on a per-person basis, EPA’s estimated average annual cost amounts to only 9 to 
12 cents — about a dime a day. 

These estimates include the entire net costs to households of the program, taking into account 
higher prices for fossil fuels as well as savings from energy efficiency and the hundreds of billions 
of dollars (in present value) that the legislation returns to households over the program. 


Energy costs 

EPA provides detailed estimates of energy costs in its analysis. While these are included in the 
household cost figures given above, the effect of climate legislation on energy prices is often of 
particular interest in its own right. 

V According to EPA’s modeling, average electricity prices are essentially unaffected by the 
legislation until the year 2030, when they are estimated to be 14% higher than under the 
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business-as-usual case. Even then, however, electricity bilk would be less than 3% higher 
than the reference case, as a result of the sawngs from investments in energy efficiency 
that the legislation will promote. 

> What’s more, in the years before 2030, EPA projects that the average household’s 
electricity bills will go do'W7i as a result of the legislation. For example, in the year 2020 
the average household’s electricity bills under HR 2454 are projected to be 8 % below 
their levels in the no-policy case. 

Asa result, overall household energy expenditures (excluding gasoline) would also fall, by 
about 7 % in 2020 relative to the no-policy case, 

> Finally, while gasoline prices would rise, the effect is tiny. In the year 2020, the EPA 
forecasts that gasoline prices will be only 14 cents per gallon higher than they would be 
without any policy. On average, that’s just 2 cents per gallon per year relative to the no- 
policy case. That’s an imperceptible change, especially compared with the large swings 
in gasoline prices we have seen in recent years — sometimes as large as a dollar over the 
course of a few months. 

> The real concern with petroleum is our increasing dependence on foreign oil. EPA 
estimates that HR 2454 would save us roughly S20 billion annually over the next two 
decades. 

In truth, this is old news. The EPA and CBO studies are completely consistent with everything 
else we know. The consensus among credible analysis is that the American economy will grow 
robustly while cutting carbon pollution and investing in a clean energy economy. 

We’re sure to hear a lot of numbers that have been cherry-picked from reports issued by 
whatever modelers-for-hire can be found to support the desired point. Forecasts are not crystal 
balls: they are only as good as the assumptions that go into them. And some of the assumptions 
used to get some of the numbers that will be floating around are just simply not credible. 

The EPA in particular has set the gold standard in economic analysis by using two of the most 
credible, transparent, and peer-reviewed models available. And the bottom line from that 
analysis is that for about a dime a day we can solve climate change, help get our economy off 
foreign oil, and invest in a clean energy economy. 
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statement of Sonny Richardson, 

On Behalf of the National Association of Home Builders 
“Legislative Hearing Regarding American Clean Energy Security Act" 

Subcommittee on Energy and the Environment 
House Energy and Commerce Committee 

April 24, 2009 

Chairman Markey, Ranking Member Upton, and distinguished members of the 
Subcommittee, my name is Sonny Richardson and I am a home builder from Tuscaloosa, 
Alabama. I am pleased to present testimony today on behalf of the 200,000 members of the 
National Association of Home Builders (NAHB), representing every aspect of the residential 
construction industry - single family and multi-family builders, light commercial builders, 
remodelers, material suppliers, appliance manufacturers, real estate professionals, and housing 
finance interests. 

Facing the brunt of the economic downturn and the worst housing market since the Great 
Depression, I can personally attest to the devastating losses and historic declines facing our 
industry. Falling from a height of two million new homes constaicted in 2006 to less than 500,000 
projected for 2009, the housing industry has suffered overwhelming setbacks that continue to 
force our small business members (comprising 80% of our association) out of business. This 
affects the ability of our industry to deliver the next generation of housing to the market that will 
be more energy and resource efficient. Because NAHB members build about 80% of all the new 
homes in the United States, we must necessarily influence the manner in which energy efficiency 
and sustainable technologies are introduced into our nation’s housing stock. As one of those 
promoting energy efficiency and affordability in my industry, I am excited to testify today about 
both the challenges and opportunities facing us as we work collectively to evaluate and improve 
efficiency in the residential sector. 
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The challenge of climate change affects everyone, including the residential construction 
industry. NAHB members are responding in numerous ways, contrary to assertions that builders 
generally oppose efficiency. NAHB invested millions of dollars in developing a national green 
building program and creation of the first and only National Green Building Standard™ approved 
by the American National Standards Institute (ANSI). Home builders embrace robust national 
policies to address today’s environmental challenges and support effective measures to 
implement greater sustainability and efficiency in the broadest possible manner. This written 
statement explains the realities of the housing market and explains how the provisions in the 
American Clean Energy and Security Act of 2009 Draft (ACES Act Draft) to update state building 
energy efficiency codes (Section 201) may not achieve true energy savings, but are likely to 
impair affordability for millions of future residents of green and energy-efficient dwellings. 
Residential Energy Consumption Realities 


Although targeted as a major untapped reservoir of potential energy and greenhouse gas 
emissions (GHGs) savings, the residential sector has already moved at lightning speed to 
embrace energy efficiency and sustainability in new buildings. In fact, according to the Energy 
Information Administration (EIA), newer homes, i.e., homes built after 1991 - represent the 
smallest fraction, 2.5%, of all the annual national consumption in 2001 . 


Energy Consumption in 2001 in Trillions of Btu 


Total 

96,498 

100.00% 

Residential Sector 

20,228 

20.96% 

Manufactured Housing 

1,301 

1.35% 

Fossil Fuel Used to Generate Electricity 

815 

0.84% 

Consumed by Residence 

486 

0.50% 

Single Family and Multifamily Built before 1991 

16,498 

17.10% 

Fossil Fuel Used to Generate Electricity 

8,743 

9.06% 

Consumed by Residence 

7,755 

8.04% 

Single Family and Multifamily Built 1991-2001 

2,429 

2.52% 

Fossil Fuel Used to Generate Electricity 

1,386 

1.44% 

Consumed by Residence 

1,043 

1.08% 


Sources: Annual Energy Review by the Energy Information Administration; the 2001 

Residential Energy Consumption Survey, Energy Information 

Administration. 
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This is important because it demonstrates the shortcomings of a policy approach that is designed 
to require aggressive increases in efficiency for new construction that ultimately may not deliver 
the greatest energy savings. The biggest return on efficiency investment in the residential sector 
would be realized by improving older homes, which according to the U.S. Census Bureau 
comprise 74.1% of the current U.S. housing stock; 

Age of Structure Demographics 

Total Housing Units, U.S. - 127,895,430 

2007 American Community Survey, U.S. Census Bureau 

Built Before 1990 T 
i Built 1990to 1999 ^ 

Built 2000 to 2004 

l. , i 

Because building codes and construction practices have improved over time, newer 

homes are dramatically more energy efficient. The ability to realize additional energy savings 
from an already super^efficient segment of the residential sector via building codes is extremely 
limited, and thus cannot be expected to deliver dramatic results in terms of greenhouse gas 
(GHG) emissions reductions or consumer utility savings. NAHB suggests that a much more 
robust approach to integrated energy efficiency in the residential sector is the best way to achieve 
the goals of reducing energy consumption and GHG emissions. 

The Role of Building Energy Codes 

I am an active participant in the code development process that occurs through the 
International Code Council (ICC) and can confirm that much of the rhetoric today about what 
building codes can do for eneigy savings, aimed at the public and policymaker alike, is terribly 
shortsighted. Some groups suggest that all concerns about the built environment and the GHG 
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emissions attributable to it could easily be ameliorated with a few aggressive building code 
regulations. Others recognize that energy efficiency is more than just building codes and that 
greater focus is needed on sustainability and the overall performance of the home. Regrettably, 
facts about what is actually attainable through energy code requirements is often lost in broad 
platitudes while the true realities of residential energy consumption and the development of 
effective policies to address it holistically are cast aside. 

It is true that codes are consistently improved through a normal cyclical process whereby 
stakeholders from every interested party - enforcement officials, environmentalists, builders, etc. 
- convene to discuss the merits of certain changes, eventually producing a revised code for 
adoption by state or local governments. It is false to assume that just requiring states or local 
governments to adopt arbitrary above-code compliance targets for all new construction is going to 
translate into deliverable energy savings. A state or local government may decide to adopt an 
aggressive energy code for new construction, but without resources to enforce it, or without 
resources to address existing homes, such requirements are not meaningful on a broad scale. 

The implementation of energy codes at the local level and the need for geographic 
flexibility is one reason why the federal government is limited in terms of what it can expect state 
and local governments to deliver. Under the police powers of the U.S. Constitution, states are 
given the authority to determine appropriate building codes within their jurisdiction. Some states 
confer this authority to local municipalities and set up a framework whereby climatic and 
geographic concerns can be specifically addressed in their individual jurisdictions. For example. 
Florida needs the flexibility to require hurricane impact resistant building standards, and similarly 
may require more efficient air conditioning equipment because these are specific geographic 
demands that make sense for that state. Whereas requiring the same codes in Michigan - i.e., 
hurricane impact resistant building standards and high-efficiency air conditioners — might be 
completely illogical. 
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Because geography, climate, and other conditions impact the combined structural safety, 
soundness, and energy performance of residential structures in various parts of the U.S., it is 
necessary to have the flexibility to adopt national model codes that fit specific needs. While the 
federal government should encourage greater efficiency through incentives (e.g,, Section 45L 
New Energy Efficient Home Credit), it would falter in local code enforcement and risk bypassing 
specific local needs. In this regard, it could also supersede existing public-private programs (e.g.. 
Energy Star®), and overlook successful green building programs. Provisions like Section 201 of 
the ACES Act Draft that require states to adopt above-code targets without reference to the 
robust sustainability framework of more environmentally-sound green building not only leave 
states or local areas out of compliance with federal law, but essentially downgrades sustainability 
for the sake of code compliance. NAHB believes it should never be the case that a state must 
choose between such extremes, especially since green homes save both energy and resources. 

State and local governments need to be actively engaged in developing code 
requirements that are appropriate for the structures built within their jurisdictions. The federal 
government needs to support them with resources for code implementation that saves energy 
and resources while not endangering public health or adversely affecting affordability for 
consumers that generally bear the largest burden (as a percentage of income) of energy costs, 
i.e., lower and moderate-income families. The federal government can embrace greater 
efficiency in our nation’s housing stock in a manner that supports housing affordability so that 
everyone, at all price points, can enjoy a green and energy-efficient home. 

Energy Efficiency and Affordability 

One of the most important aspects of the current code development process is the ability 
to consider costs and benefits to improvements in efficiency stringencies and to determine 
paybacks in terms of energy savings for certain features based on initial costs. These “payback 
periods* are important for demonstrating those changes that can deliver more immediate 
consumer savings in terms of initial costs versus changes that may take decades or longer to 
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payback in energy savings. For example, a change in the lighting requirements from 
incandescents to fluorescents or LED, which NAHB supports, has a 1-2 year payback to the 
consumer in terms of energy savings versus upfront costs while increasing attic insulation may 
take decades or never payback. In this regard, the law of diminishing returns applies, i.e., only 
minimal additional energy savings can be realized by an incremental increase in any given 
energy efficiency measure. 

However, when the frame of reference is shifted from the payback in energy savings to the 
consumer, for example, to a “life cycle” of a building or home, per Section 201, these reasonably- 
determined cost considerations for the consumer are bypassed entirely. In this instance, a 
consumer would be responsible for paying for efficiency features that may payback over the 
entire time a home exists, rather than realizing any meaningful energy savings during the time in 
which he or she might occupy the home (often less than 10 years). 

It is also possible that some changes in efficiency features may never payback during the 
lifetime of the structure. For example, requiring double-pane low-e windows in southern Florida 
has an energy savings payback of over 300 years. NAHB suggests adding language, as passed 
by the House in previous energy legislation - H.R. 3221 , Roll Call No. 832, August 4, 2007 - that 
states that changes to the codes must be “technically feasible and economically justified based 
on available appliances, technologies, materials, and construction practices." This will help 
accommodate changes that put the consumer first in energy savings paybacks and energy 
efficiency. 

Despite the dramatic downturn and the virtual halt of new construction in the U.S., NAHB 
believes that we must preserve affordability for the new homes that must be built once the market 
turns around. In this regard, if the government adopts the approach of mandatory energy codes 
embraced in a “life cycle” costing approach, there is great potential risk for harm to marginal first- 
time home buyers. These buyers are typically characterized by lower incomes, limited up-front 
cash for down payments, with intent to purchase relatively modest-priced homes. Ironically, 
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these lower-income marginal buyers are also the ones that share the larger burden of energy 
costs as a percentage of income and therefore often cannot and should not be expected to wait 
decades for future paybacks from efficiency features. 

Mandated criteria that increase up-front costs for new homes in exchange for a future 
payback may work well at the top of the market, or even in the average case, yet have the effect 
of pricing out marginal first-time buyers at the lower end of the market. NAHB does not believe 
the assertion that a broad public policy objective should be achieved on the backs of a relatively 
narrow segment of the market with limited resources. Similarly, NAHB hopes that Congress will 
not impose policies that increase costs for newer, more energy efficient homes in a manner that 
relegates lower and moderate-income families to less-efficient older housing stock. 

Energy Performance 

Some argue that building envelope improvements - often accomplished through code 
change requirements — are the best way to address building efficiency because it is assumed that 
builders will simply absorb the additional costs. The truth is that builders cannot simply push 
thousands of dollars of efficiency upgrades onto consumers, particularly in instances where 
consumers are not even demanding such features, and expect to remain competitive in the 
market. Many of the features that consume energy in a home are not chosen by builders or 
covered by codes, but ultimately affect the home’s energy performance and can, in some cases, 
offset envelope improvements that are covered by codes. 

The exponential growth in electronics use and plug-connected equipment in a home will 
have dramatic affects on a home's ultimate energy performance, in April 2008, the Electric 
Power Research Institute (EPRI) presented information at an event on Capitol Hill that showed 
that by the year 2030, 30% of all the energy consumed in a home will be “plug load” capacity’. 

The proliferation of big screen televisions, computers, cell phone chargers, DVR’s, and even 

' Electric Power Research Institute, presentation by Arshad Mansoor, Ph.D. - ‘Energy Efficiency Across the 
Eiectricity Value Change.” April 16, 2008 - Great Energy Efficiency Day, Washington, D.C. 
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digital photo frames will have major consumption implications that should be addressed. The 
growth of plug-connected usage in residential energy consumption threatens building 
performance and can easily offset energy savings from envelope and equipment improvements. 

The Green Building Movement 

NAHB’s experience and support for voluntary energy efficiency and green predates many 
of the available green ratings systems today. Long before green was a part of every day lexicon, 
NAHB members were actively engaged in building green homes, as part of an organic process 
that has significantly reshaped residential construction. Aside from our members’ work in 
efficiency programs, like Energy Star® and the Department of Energy’s (DOE) Building America 
program, we have been long-standing pioneers in what is now known as the green building 
movement. 

In the early 1990’s, local builders began driving sustainable residential construction that 
incorporates a flexible framework to accommodate geography, resources, and energy efficiency. 
As the movement grew, NAHB members became more engaged and, in 1998, NAHB established 
a national group to work specifically on green building issues. By 2004, the industry, including 
over sixty stakeholders, began developing a set of national guidelines to recommend to builders 
how to incorporate ever-increasing sustainability benchmarks for compliance with green criteria. 
These became known as the National Green Home Building Guidelines, 

However, as the need to develop a more reliable verification methodology became 
apparent, the members of NAHB agreed to work collaboratively with the ICC to undertake a 
rigorous standards-developing process that ultimately produced the first standard approved by 
the American National Standards Institute (ANSI) for green residential construction and 
remodeling in the United States - the ICC-700 National Green Building Standard™. The 
development of the National Green Building Standard™ is the most recent, and most robust, 
effort undertaken by the industry to set compliance markers for green building in the various 
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aspects that comprise residential construction - single family, multifamily, remodeling, and land 
development. 

The process began in early 2007 when a group of 42 stakeholders convened in 
Washington D.C. representing federal (U.S. EPA, DOE), state, and local governments, building 
code officials, design professionals, building supplier manufacturers, sustainable building interest 
groups, utilities, builders, and energy efficiency consultants [see Appendix A]. These experts 
worked together to develop rigorous, environmentally-sound, and defensible criteria for green 
residential construction incorporating the seven primary principles of sustainability: energy 
efficiency, water efficiency, resource efficiency, lot and site development, indoor environmental 
quality, global impact, and home owner education. After several revisions and over 3,000 public 
comments, the standard was approved by ANSI on January 29, 2009 and is the only green 
standard approved by a third-party Standards Developing Organization (SDO), (i.e., ANSI), for 
residential construction and remodeling in the U.S. 

The National Green Building Standard™ complies with federal law requiring federal 
agencies to utilize voluntary consensus standards in the market when available. The National 
Technology Transfer Act of 1996 (P.L.104-113) states in Section 12 {d)(1) that: 

In general.-Except as provided in paragraph (3) of this subsection, all Federal 
agencies and departments shall use technical standards that are developed or adopted 
by voluntary consensus standards bodies, using such technical standards as a means to 
carry out policy objectives or activities determined by the agencies and departments. 

NAHB understands the importance of providing a viable, rigorous, and consensus-based 
alternative to the plethora of privately developed green rating systems flooding the market as the 
green movement continues to grow, NAHB believes the federal government similarly 
understands the importance of this concept. By passing this law, it has appropriately identified 
the need to recognize those standards that have undergone the lengthy and rigorous approval 


9 



1194 


procedures inherently equipped with adequate safeguards against undue private or corporate 
influence, confirmed by approval from unaffiliated SDOs. 

One very important aspect of green building is, of course, energy efficiency. To be sure, 
green building embodies more than just energy efficiency, however this is a major component of 
building performance; primarily because of the costs associated with it, i.e., utility bills. Due to 
concerns about the variability of consumer behavior and how consumption habits could 
potentially offset some efficiency gains in the envelope, the developers of the National Green 
Building Standard™ made sure to underscore the importance of educating homeowners about 
maintenance and home operation with a requirement in the standard. This adds value by 
educating the consumer about how personal conservation habits in the home are equally as 
important as improving the construction techniques of the home itself. 

Existing Homes & Remodeling 

Beyond green building, the shift in demand for remodeling for greater energy efficiency is 
a rapidly growing trend In the residential sector. NAHB supports the approach and intent of 
Section 202 in the ACES Act Draft legislation will provide direct dollars to consumers to improve 
the energy efficiency of existing homes and buildings. Section 202 does not mandate specific 
above-code targets, but rather approaches older homes holistically and directs the limited 
resources of the federal government directly at the largest part of the energy consumption 
problem, i.e., older homes. NAHB urges a similar approach be employed In new construction in 
lieu of the requirements for arbitrary code targets proposed in Section 201. 

Additionally, existing homes offer a great opportunity for savings by simply replacing less 
efficient appliances with Energy Star® rated models. This can save an average of 30 percent 
over standard appliances and deliver meaningful energy savings in the form of decreased utility 
bills for consumers. While some efficiency upgrades are more costly than others (e.g., new 
heating/cooling systems versus replacing incandescent bulbs) each has the potential to save 
energy for the consumer operating an existing home. All of these components are important for 
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having an integrated approach towards energy efficiency, NAHB hopes that Congress will focus 
on the biggest part of the energy loss problem in the residential sector while supporting incentives 
to encourage above-code programs for new construction. 

Conclusions and Recommendations 

Improvements in residential energy efficiency and the growing green building movement 
are absolutely changing the dynamics of the housing market today, in some instances, the 
changes and improvements may be occurring at a slower pace than desired by policymakers and 
others, but claiming that nothing is occurring towards improved efficiency and sustainability is 
patently false. The reality is that a mix of incentives, consumer education, changes in 
construction technologies, and adoption of locally-enforceable and meaningful efficiency 
measures with a focus on older homes is needed to drive greater efficiency in the residential 
sector. 

There are many opportunities for the government to work with home builders to achieve 
the goal of improved building efficiency in the ACES Act Draft legislation, NAHB recommends the 
following changes to address integrated energy efficiency in both new and existing homes: 

> Modify the language in Section 201 to accommodate efficiency gains outside of 
code-controlled envelope requirements as builders reach to achieve increases in 
future editions of the energy code. Avoid allowing DOE to modify ICC codes or 
ASHRAE standards that may not accommodate every state's climate demands 
simultaneously or equally. 

> Congress must restore its commitment to energy incentives that help offset upfront 
costs of efficiency upgrades. To do this. Congress should extend, or make 
permanent. Section 45L, Section 25C, Section 25D, and Section 179D of the tax 
code. 
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> Congress should employ the approach set forth in Section 202 to provide 
consumers with direct funding to improve efficiency of existing homes and buildings 
and consider applying a similar policy towards new construction. 

> Lastly, Congress should consider embracing a broad possible green building policy 
and provide consideration for homes that achieve compliance with green building 
standards that have been approved by the ANSI, such as the ICC-700 National 
Green Building Standard™ for residential construction, remodeling, and land 
development. This recognition is important not only because the standard 
complies with federal law governing consensus standards (National Technology 
Transfer Act P.L, 104-113), but also because energy code targets by themselves 
cannot accommodate the more robust sustainability framework of green building, 
which achieves greater environmental performance as a whole over energy 
efficiency alone. 
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Appendix A 

Consensus Committee on the 
National Green Building Standard™ 


Representatives from the following organizations, companies, and government offices participated in 
the development of the criteria as approved by the American National Standards Institute (ANSI) for the 
ICC-700 2008 National Green Building Standard™; 

American Forest & Paper Association 
American Gas Association 
American Institute of Architects 
Bowen Collins and Associates, Consulting Engineers 
Brick Industry Association 
Build Green New Mexico 

Building Owners and Managers Association (BOMA) International 
Building Quality 

City of Dearborn, Michigan, Department of Building & Safety 
City of Denton, Texas, County Building Inspections 
City of Keene, New Hampshire 
City of Rio Rancho, New Mexico 
City of St. Paul, Minnesota 
City of Scottsdale, Arizona 

CNIC Housing - Commander, Navy Installation Command, U.S. Navy 
ConSol 

Edison Electric Institute 

Fairfax County, Virginia, Department of Public Works 
Gas Appliance Manufacturers Association (GAMA) 

Green Builder, LLC 

Green Building Initiative, Portland, Oregon 
Green Built Michigan (Lansing) 

Gypsum Association 
K. Hovnanian Homes/Landover Group 
Manufactured Housing Institute 
NAHB Land Development Committee 
National Multi Housing Council 
North American Insulation Manufacturers Association 
Plastic Pipe and Fittings Association 
Plumbing Manufacturers Institute 
Portland Cement Association 

State of California, Department of Housing and Community Development 
Steel Framing Alliance 
Sustainable Buildings Institute 
Town of Parker, Colorado 
United States Environmental Protection Agency 
United States Department of Energy 
U.S, Green Building Council 
Veridian Homes 

Village of Arlington Heights, Illinois 
Whirlpool Corporation 
Winchester Homes, Inc. 
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Overview 

On behalf of the 200,000 members of the National Association of Home Builders (NAHB), we appreciate 
the opportunity to provide testimony on S. MU - Clean Energy Jobs and American Power Act of 2009. 
Our industry’s desire to improve energy efficiency in the residential sector through the development of 
the first and only National Green Building Standard™ approved by the American National Standards 
Institute (ANSI) is one way that we have confirmed our commitment to building greener, more energy- 
and resource-efficient homes, NAHB has also worked collaboratively with many environmental and 
business leaders to support extensions and expansions of energy tax credits incentivizing the construction 
of super-efficient new homes and commercial buildings. The housing industry is working hard to 
promote additional efficiency gains in new construction by supporting increases to the national model 
energy efficiency code (2006 lECC) by at least 30% within two years and supports improving energy 
efficiency in ail aspects of a home, including those not covered by building codes - e.g., plug loads, 
appliance efficiency, and resident behavior. 

Section 1 63 of S. 1733 attempts to rework the entire structure of the national model energy code 
development process for new buildings. NAHB believes, however that this restructuring would benefit 
from additional modifications and clarifications related to the establishment of targets and 
implementation. While some measure of building efficiency will likely be included in a final compromise 
bill, NAHB strongly opposes the approach set forth in the Waxman-Markey climate change bill - H.R. 
2454 - The American Clean Energy Security Act. H.R. 2454 supersedes states’ rights, imposes expensive 
and arbitrary targets with aggressive implementation dales, and bypasses consideration of energy savings 
paybacks to consumers with reasonable cost increases that ultimately impairs housing affordability. 
NAHB looks forward to working with the Committee to develop an effective energy efficiency policy 
that includes extending critical efficiency incentives and avoids unnecessary cost increases for newer, 
more energy-efficient housing. 

Section 163 - Energy Efficiency in Building Codes 

NAHB strongly supports voluntary energy efficiency programs, green building, and the successful Energy 
Star® for Homes program. NAHB also participates in and supports the development of national mode! 
building and energy codes covering a variety of building safety, health, and energy efficiency issues. The 
development of national model energy codes, operated and published by the International Code Council 
(ICC), consists of minimum standards for energy efficiency that are updated every three years and are 
adopted and enforced by states or local governments. Each new edition of the model energy code 
(International Energy Conservation Code) is required to be reviewed by the Department of Energy to 
determine if it is sufficiently more energy efficient than the previous version. The next lECC edition is 
scheduled to be published in 2012. This process routinely produces ever-increasing efficiencies in 
minimum code compliance, but is restructured under Section 163 and replaced with a rulemaking by 
either ERA or another agency head, as determined by the President. Section 163 also calls for annual 
reports to Congress on the status of the implementation of such rule. 

NAHB supports the approach of not codifying efficiency minimums in federal legislation that states or 
local areas should be required to enforce, as these decisions are currently made by and should remain with 
state or local officials. The idea of allowing everyone an opportunity to provide information on the cost- 
effectiveness of specific increases in minimum energy codes, implementation barriers, and other 
enforcement realties through a rulemaking process is intriguing. Ironically, this is exactly the way the 
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current code development process functions, including participation from the federal government via the 
Department of Energy. Nevertheless, because Section 163 does not dictate specific and arbitrary numbers 
or percentages, the approach acknowledges that consideration of cost-effectiveness and practical 
implementation factors are important and must be reviewed. The Waxman-Markey approach in H.R. 

2454 does not provide this type of flexibility. 

NAHB does, however, question the ability of the EPA Administrator to promulgate and implement 
regulations covering building energy code targets, as proposed under Section i 63. Currently, the 
Department of Energy is required by law to make determinations on the national model energy codes 
once a new edition has been published by the code developing organization (i.e., ICC). The Department 
of Energy has not released a code detennination since 2000, despite its integral participation in the code 
development process and its primary role in helping develop national building efficiency benchmarks. 
Given that the Department of Energy has been unable to complete this work, NAHB wonders if the EPA 
is equipped to undertake such responsibilities with potentially less expertise in the area of building energy 
code development. Similarly, because the turn-around on building code updates is generally very fast, it 
is questionable whether the EPA could replace the duties and undertake the responsibilities of updating 
building energy codes that is currently managed by an organization with thousands of building 
professionals and a network of enforcement officials already in place. 

The Wrong Approach -• H.R. 2454 -American Clean Energy Security Act 

NAHB believes that Section 201 of the Waxman-Markey climate change bill, H.R. 2ASA - American 
Clean Energy Security Act is entirely the wrong approach to improving building energy efficiency. H.R. 
2454 codifies a mandatory 30% increase above the 2006 lECC by 2010, 50% increase by 2014, and a 
75% increase by 2029 for all new home construction in the United States. Under H.R. 2454, states that 
fail to adopt and enforce these minimums will lose emissions allowances under cap-and-trade on a sliding 
scale for every year of non-compliance, as well as lose other energy-efficiency related funding under the 
bill. If states refuse to adopt and enforce the minimums within a year, then the federal government will 
have the authority to intervene and enforce the federal energy code minimums in state and local areas. 
There is no capacity for states or local areas to choose a lower target, despite variances in climate or other 
locally-specific needs that may make compliance difficult. 

Attached to this Statement is a copy of NAHB’s testimony before the House Subcommittee on Energy 
and the Environment from April 24, 2009, detailing NAHB’s concerns with the draft Waxman-Markey 
bill, federal intervention into the building code development process, and the plethora of affordability 
problems that arise from arbitrary and expensive federal energy code mandates. 

Conclusion 

NAHB supports a number of energy efficiency and green building programs for residential construction 
and has been partners with the government in improving energy efficiency in new homes for more than 
three decades. The housing industry initiated the creation of the only ANSI-certified National Green 
Building Standard™ and works collaboratively with many of the leading environmental and business 
leaders to support extending incentives for super-efficient new home construction, as well as for 
retrofitting existing housing stock. NAHB members are committed to providing the next generation of 
green and energy-efficient homes and looks forward to working with the Committee and Congress to 
develop an effective building efficiency policy that addresses ail housing types and the components of 
homes that use the most energy and are not covered by building code mandates - e.g., plug loads, 
appliances, and consumer choice. 
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SENATE ENVIRONMENT AND PUBLIC WORKS COMMITTEE 
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Thank you, Chairman Boxer and Ranking Member Inhofe, for the opportunity to submit written 
testimony on climate change, energy, and national security-the focus ofPanel 2 of today’s hearing. 

Increasingly, proponents of cap-and-trade legislation argue that climate change is a major threat to U.S. 
national security. My testimony develops two points; ( 1 ) the supposed national security risks of climate 
change are generally overblown, improbable, or even imaginary; (2) the national security risks of climate 
change policies are real and substantial and likely outweigh those of climate change itself. 

In the Beginning 

“Few discoveries are more irritating,” wrote Lord Acton, “than those which disclose the pedigree of 
ideas." At the risk of irritating Committee Members, I must point out that climate change first came to 
public attention as a national security concern when, in October 2003, the Pentagon published a study by 
Peter Schwartz and Doug Randall titled Imagining the Unthinkable: An Abrupt Climate Change Scenario 
and Its Implications for United States National Security.' 

In Imagining the Unthinkable, the authors hypothesize what might happen to the global economy and 
international stability if increased ice melt and precipitation due to global warming disrupt the Atlantic 
Thermohaline Circulation (THC) and Earth’s climate deteriorates into an ice age. 

Unsurprisingly, the authors conclude that the end of the world as we know it would have massive 
“implications” for U.S, national security. In page after pulse-pounding page, Schwartz and 
Randall describe a world convulsed by famine, food riots, water shortages, energy shortages, trade 
wars, displaced populations, and armed conflict within and among nations. 

Schwartz and Randall worried that the THC could shut down as soon as 2010. How many scientists worry 
about this today? There is no evidence that the THC is weakening or likely to shut down in the 
foreseeable future.^ It’s not even clear that a disruption of the THC would have the climate-wrenching 
effects Schwartz and Randall assume.^ 


' Imagining the Unthinkable: An Abrupt Climate Change Scenario and Its Implications for United States National 
Security a report by Peter Schwartz and Doug Randal httD://www.climate.ore/PDF/dim chanee scenario.pdf 
Boyer T., et al. 2007. Changes in fresh water content in the North Atlantic Ocean 1955-2006, Geophysical 
Research Letters, Vol. 34, 116603, doi: 10.1029/2007G1030126; latif, M. et al. 2006. Is the thermohaline 
circulation changing? Journo/ of Climate 19: 4631-4637; Kerr, R. A., 2006. False Alarm: Atlantic Conveyor Belt 
Hasn't Slowed Down After All, Science, 314, 1064, doi: 00.1126/science.314.5802.1064a; World Climate Report, 
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In An Inconvenient Truth, former Vice President A1 Gore worries that a 20-foot wall of water could sweep 
across the world's coastal communities. Millions upon millions of people “would have to be evacuated,” 
“would be forced to move,” “would be displaced,” he wams.^ This could happen, Gore hypothesizes, “If 
Greenland melted or broke up and slipped into the sea - or if half of Greenland melted or broke up and 
slipped into the sea.”^ If such a catastrophe were remotely plausible, it would be a national security 
problem of gigantic proportions. But it is not plausible. 

Greenland is shedding ice at the rate of about 27 cubic miles per year.* Greenland has approximately 
7 1 9,000 cubic miles of ice.^ This means Greenland is shedding ice at the rate of 4/1 Oths of 1 percent per 
century. In the IPCC’s mid-range emissions scenario (A1 B), Greenland ice loss contributes between 1 
centimeter (cm) and 8 cm of sea-level rise in the 2I*‘ Century; in the high-end emissions scenario (API), 
Greenland ice loss contributes between 2 cm and 12 cm of sea-level rise by 2100,® Over the 21*' Century, 
sea-level rise due to Greenland ice loss is likely to be measured in inches, not feet. 

How long would it take to melt half of Greenland's ice? The iPCC estimates that Greenland would shed 
about half its ice if C02 concentrations rise to ! , 1 00 parts per million - about four times pre-industrial 
levels -- and remain so elevated for 1 ,000 years.’ 

In An Inconvenient Truth, Gore argued that “moulins”- cracks that channel melt-water from the surface 
to the bedrock - could lubricate the ice sheet, dramatically accelerating its breakup and slide into the sea. 

A study in Science magazine lays that fear to rest as well. An entire melt-water lake 8 kilometers long and 
4 meters deep poured down a moulin in less than 2 hours, at a flow rate exceeding that of Niagara Falls. 
Yet, Science magazine reports, “For all the lake's water dumped under the ice that day, and all the water 
drained into new moulins in the following weeks, the ice sheet moved only an extra half meter near the 
drained lake,”*® For perspective, the Greenland ice sheet is about 2,400 kilometers long and almost 1,000 
kilometers wide near its northern margin." 

Since the Earth emerged from the Little Ice Age, sea levels have risen about 7 to 9 inches. This has had 
impacts on coastal infrastructure including military installations. However, to my knowledge, no historian 
has ever concluded that sea-level rise was an important factor in any of the great battles of the 20'** 

Century. The IPCC projects between 7 and 23 inches of sea-level rise in the 2 1 Century. Even at the 
high-end of this range, sea-level rise would likely not be a major influence on the course of human events. 


March 15, 2005: httP://www.worldciimatereport-Com/index.phD/2007/08/22/ocean-drculation-slowdown-faise- 
alarm/ : World Climate Report, August 2, 2007; 

http://www.woridclimatereport.com/index. php?s=thermohaline-fcirculation 

^ Seager, Richard: "Climate mythology: The Gulf Stream, European climate and Abrupt Change," 

http://www.ldeo.coiumbia.edu/res/div/ocp/e5/ 

" Al Gore, An Inconvenient Truth {Rodale; Meicber Media, 2006), pp. 204-206. 

'id, p. 196. 

' Luthcke, S. B. et al. 2006. Recent Greenland fee Mass Loss by Drainage System from Satellite Gravity 
Observations. Science, Vol. 314, No. 5803, pp. 2086-2089. 

’ Volume of Earth's Polar Ice Caps, http://hypertcxtbook.eom/facts/2000/HannaBerenbllt.shtml. 

® IPCC, Climate Change 2007, The Physical Science Basis, Chapter 10, Table 10.7, p. 820. 

’ id., summarizing Ridley et al. (2005), p. 830. 

Richard Kerr, "Greenland Ice Slipping Away But Not All That Quickly," Science, Vol. 320, April 18, 2008. 

Greenland Ice Sheet, Encyclopedia Britannica, http://www.britannjca.com/EBchecked/topic/245306/Greenland- 
Ice-Sheet. 
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Threat Multiplier Hype 

As scenarios of abrupt climate change and catastrophic sea-level rise have lost credibility, cap- 
and-trade advocates have pushed a more nuanced national security rationale for suppressing 
carbon-based energy use. This is the notion that climate change is an important “threat 
multiplier.” Global warming, they contend, will increase the frequency and severity of drought, 
crop failure, famine, and coastal flooding, which will impoverish and displace millions, 
producing conflict, instability, and terrorism.'^ 

This is all very dubious. Climate change impact assessments hugely depend on assumptions 
about elimate sensitivity, which in turn depend on assumptions about the relative strength of 
positive and negative climate feedback mechanisms. A new observational study by MIT 
scientists Richard Lindzen and Yong-Sang Choi finds that negative feedbacks dominate the 
tropical atmosphere’s response to increases in sea-surface temperature.'^ Lindzen and Choi 
conclude that a doubling of greenhouse gas concentrations over pre-industrial levels will produce 
0.5°C of warming — about six times less warming than the IPCC’s “best estimate.” 

If climate sensitivity is as low as Lindzen and Choi infer from the data — or even if it is 
double their estimate - there is no climate “crisis” and no “threat multiplier.” 

In addition, climate impact assessments depend on assumptions about future technology, wealth, 
and adaptive capability. History indicates that economic liberty, free trade, and technological 
innovation will continue to improve the human condition regardless of climate change. 

According to the IPCC, the second half of the 20th century was “likely the warmest 50-year 
period in the Northern hemisphere in 1300 years” (IPCC, AR4, WGI, Chapter 9, p. 702). That’s 
open to debate. Nonetheless, for the sake of argument let’s grant the premise. What have been 
the observed effects on human welfare? 

In the United States, heat-related mortality and air pollution have declined since the 1970s, while 
crop yields and average lifespan have increased.'* Global warming, where is thy sting? 

Okay, one might say, that’s the United States, the world’s wealthiest country. What about 
developing countries — how is global warming affecting them? 

According to many cap-and-trade proponents, global warming makes extreme weather events 
more frequent and severe. So, weather-wise, is the world becoming a more dangerous place? 


See CNA study, "National Security and the Threat of Climate Change," released in April 2007. 
http://securitvandclimate.cna.org/ 

Lindzen, R. and Choi, Y-S. 2009. On the determination of climate feedbacks from ERBE data. Geophysical 
Research Letters, Vol. 36, L16705, doi:10.1029/2009GL0396628, http://www.drroyspencer.com/Lindzen-and-Choi- 
6RL-2009.pdf. 

^^See Climate Change Reconsidered: The 2009 Report of the Nongovernmental International Pane! on Climate 
Change (NIPCC), published in 2007: http://www.nipccreport.org/chaDter3.htmi 
World Climate Report blog, November 19, 2008: 

http://www.worldclimatereport.com/index.php/2008/ll/19/whv-the-eDa-should-find-against-endaneerment/ 
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Quite the reverse. Globally, aggregate mortality and mortality rates related to extreme weather 
events of all kinds plummeted 95% and 98.5%, respectively, from 1920 to 2006.'* It is 
unreasonable to assume a reversal of this well-established trend. 


Figure 1 Global doath and death rates due to extreme 
events, 1 900-2006 
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Source; Indur Goklany, Deaths and Death Rates due to Extreme Weather Events: Global and 
U.S. Trends, 1900-2006, The Civil Society Coalition on Climate Change, November 2007.’’ 

One of the principal ways climate change supposedly acts as a “threat multiplier” is to intensify 
drought and water shortages, leading to crop failure, famine, and armed conflict within and 
among nations. A remarkable column in Nature magazine by Wendy Barnaby deflates this 
fashionable alarum.'* 

Barnaby, editor of People & Science, the journal of the British Science Association, had written 
a book about biological warfare, and the publishers suggested she write a book about the coming 
century of “water wars.” 

At the outset, she assumed that water scarcity is a significant source of armed conflict in the 
world - a pervasive problem just waiting to be 'threat multiplied’ by climate change. The book 


“indur Gokiani, Death and Death Rotes Due to Extreme Weather Events: Global and U.S. Trends, 1900-2006. 

http://goklanv.ore/librafv/deaths%20death%20r3tes%20ffom%20extreme%20events%202007.pdf 

'hndur Gokiani, Death and Death Rates Due to Extreme Weather Events: Global and U.S. Trends, 1900-2006 

http://goklanv.ore/librafv/deaths%20death%20rates%20ffom%20extfeme%20events%202007.pdf 

“ Wendy Barnaby, Do nations go to war over water? Nature 458, 282-283 {19 March 2009), 

htto://www. nature.com/n3ture/iQurnal/v45S/n7236/full/458282a.htmi 
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was to include a history of water wars, but, as she dug into her topic, she found there 
wasn’t much history to write about. ’’Cooperation, in fact, is the dominant response to shared 
water resources,” she discovered. The data are overwhelming: 

Between 1948 and 1999, cooperation over water, including the signing of treaties, far 
outweighed conflict over water and violent conflict in particular. Of 1,831 instances of 
interactions over international fresh water resources tallied over that time period 
(including everything from unofficial verbal exchanges to economic agreements or 
military action), 67% were cooperative, only 28% were conflictive, and the remaining 
5% neutral or insignificant. In those five decades, there were no formal declarations of 
war over water (emphasis added). 

It is true that many nations are water-stressed, hut this has not meant that their people must either 
perish or go to war to seize another country’s water supplies. Usually, it means that countries 
cooperate and import “virtual water” in the form of agricultural produce. It takes lots more water 
to grow crops than it does to supply households with drinking water. So where water is 
scarce, people tend to substitute grain imports for home-grown produce. Israel, Jordan, and 
Egypt are a case in point: 

Israel ran out of water in the 1950s: it has not since then produced enough water to meet 
all of its needs, including food production. Jordan had been in the same situation since 
the 1 960s; Egypt since the 1970s. Although it’s true that these countries have fought 
wars with each other, they have not fought over water. Instead, they all import grain. As 
[U.K. social scientist Tony] Allan points out, more ‘virtual’ water flows into the Middle 
East each year embedded in grain than flows down the Nile to Egyptian farmers. 

Climate change-related drought would pose challenges to resource managers but should not lead 
to armed conflict where nations are free to cooperate and trade. 

Bamaby’s conclusion is worth reproducing in full: 

Book or no book, it is still important that the popular myth of water wars somehow be 
dispelled once and for all. This will not only stop unsettling and incorrect predictions of 
international conflict over water. It will also discourage a certain public resignation that 
climate change will bring war, and focus attention on what politicians can do to avoid it: 
most importantly, improve the conditions of trade for developing countries to strengthen 
their economies. And it would help to convince water engineers and managers, who still 
tend to see water shortages in terms of local supply and demand, that the solutions to 
water scarcity and security lie outside the water sector in the water/food/trade/economic 
development sector. It would be great if we could unclog our stream of thought about 
misleading notions of ‘water wars.’ 

Environmental researcher Indur Goklany provides additional evidence that climate change is 
unlikely to be an important threat multiplier. Climate change supposedly increases the frequency 
of floods as well as droughts. Obviously, the worst and most destabilizing thing droughts and 
floods can do is kill people. Are deaths from droughts and floods going up or going down? 
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Goklany finds that “deaths from droughts have declined 99.9% since the 1 920s, and 99% from 
floods since the 1930s,”'’ 

What of the future? Maybe the amount of warming experienced so far isn’t so bad, but what if 
the rate of warming spikes upw'ard over the next several decades? 

Probably the most pessimistic assessment of the economic damages from a warming at the high 
end of the IPCC forecast range is the UK Government’s Stem Review on the Economics of 
Climate Change in the Spring 2009 issue of Regulation magazine, Goklany dissects the Stern 
Review and finds that even in its worst-case scenario, developing countries in the late 21st 
Century are prosperous by today’s standards.^' Goklany’s analysis may be summarized as 
follows; 

• According to the Stern Review, the 5th-95th percentile estimates of losses in welfare due 
to climate change under the warmest IPCC scenario (which might lead to a 4°C increase 
in global temperatures from 1990 to 2085) range from 0.9% to 7.5% in 2100. with a 
mean loss of 2.9%. By 2200, under this extreme scenario, estimated losses range from 
2.9% to 35,2%, with a mean loss of 13.8%. 

• Goklany shows that even if one assumes the Stern Review's 95th percentile loss estimate 
under the warmest scenario, developing countries’ net welfare (after accounting for 
climate change) would increase from $900 per capita in 1990 to $61,500 in 2100 and 
$86,200 in 2200 (all in 1990 U.S.$). 

• For context, Goklany notes that in 2006. GDP per capita was $19,300 for industrialized 
countries. $30,100 for the United States, and $1,500 for developing countries. 

• Thus, despite its best efforts to paint a gloomy picture, the Stern Review’s own numbers 
tell us that, regardless of climate change, global welfare will improve dramatically over 
the next two hundred years, and developing country adaptive capacity will far surpass 
that of industrial countries today — even if the high-end IPCC warming scenario comes 
to pass. 

The figure below illustrates Goklany’s analysis: 


Indur Goklany, A Bad Climate for Development - Rebuttal to the Economist, October 8, 2009, citing Goklany, 
Death and Death Rates Due to Extreme Weather Events, http://wattsupwiththat.com/2009/10/08/a.bad-climate- 
for-development-rebuttal-to-the-economist/ 

Stern Review on the Economics of Climate Change, released on October 30, 2006 by the Office of Climate 
Change: http://www.hm-treasurv.gov.uk/sternreview index.htm 
Indur Goklani, "Discounting the Future," Regulation, Spring 2009. 

httD://goklanv.ore/librarv/Goklanv%20Discounting%20the%20future%20Regulation%202 009%20v32nl-5.pdf 




r~>ij fit 


Indeed, even if we go beyond the Stern Review’s gloomiest projection, and assume that global 
warming will reduce global GDP 35.2% by 2100 (instead of by 2200), developing country per- 
capita GDP in 21 00 is over $43,000 — more than twice industrial country per capita GDP in 
2006. 


Bang for Buck? 

Even if climate change were an important threat-multiplier, that is no guaranty that cap-and-trade 
would be an effective response. Climate scientist Chip Knappenberger shows that reducing U.S. 
emissions 83% below 2005 levels by 2050 — the Kerry-Boxer emissions-reduction target — 
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would avoid less than 0.2°C of projected global warming by 2100?^ That’s an amount too small 
to be distinguished from the “noise” of inter-annual climate variability. Even if all industrial 
countries achieve the Kerry-Boxer target, that would avoid only 0.4°C of wanning by 2100 — 
less than 10% of the projected rise in the IPCC’s “fossil intensive” (AIFI) emissions scenario. 

Cumulatively, the United States and its allies could end up spending trillions of dollars to 
achieve trivial reductions in projected climate change. As a national security strategy, Kerry- 
Boxer would yield no measurable bang for buck. 

When cap-and-traders call global warming a national security issue, they mainly mean that 
climate change will aggravate a number of pre-existing threats - e.g,, drought, hunger, 
malaria, coastal flooding — that already cause or contribute to instability and conflict. Goklany 
outlines a more promising way to address those conditions - an approach he calls “focused 
adaptation.”^*’ 

Goklany shows that it is much more effective — and far cheaper — to tackle directly, with 
proven methods, the health and environmental threats that a changing climate might 
exacerbate than it is to address those threats indirectly via energy-rationing schemes. For 
example, the Kyoto Protocol, at a cost of $165 billion per year, might reduce deaths 
from malaria by 0.2% in 2085. In contrast, a $3 billion annual investment in proven anti-malaria 
methods could reduce malaria deaths by 75%, according to the UN Millennium Development 
Project. 

Bjorn Lomborg’s Copenhagen Consensus project comes to much the same conclusion.^'* 
Resources available to meet the world’s biggest challenges are finite. Hence, Lomborg sensibly 
argues, policymakers should invest in those policies that will do the most good per dollar 
expended. 

In 2004, Lomborg convened a panel of eight distinguished economists, including three Nobel 
Laureates, to answer tbe question, “What would be the best ways of advancing global welfare, 
and particularly the welfare of developing countries, supposing that an additional $50 billion in 
resources were at governments’ disposal?” The panel commissioned “challenge papers” from 10 
acknowledged authorities in different policy fields. The authors set out more than 30 
policy proposals for the panel’s consideration. The panel, the authors, and two outside experts in 
each field examined and debated the proposals during a week-long conference. The panel then 
ranked the proposals in order of desirability: 


httD://masterresource.ore/?o-2367 

“ Indur Gokiani, What to Do about Climate Change, CATO Policy Analysis No. 609, February 5, 2008. 

htto://www.calo.org/Dubs/tias/pa-609.pdf 

“ For more about the Copenhagen Consensus Center, see 

http://www.copenhagenconsensus.eom/About%20CCC/About%20CCC.aspx 
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The Kvrto Protocol 

17 
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Value-at-risk carbon tax 


All three climate policy proposals were deemed “bad investments.” Costs would exceed benefits 
and the policies would save far fewer lives per dollar invested than would alternative policy 
proposals. 

Because resources are finite, bad investments tend to crowd out good. Even if climate policies 
did no positive harm, they could undermine U.S. national security by (a) displacing investment 
in policies that more effectively enhance human welfare, and (b) diverting money, expertise, 
public attention, and political will from the kinds of threats our military forces and intelligence 
agencies actually know how to do something about. 

In fact, however, climate policies have a high potential to do positive harm to U.S. national 
security. 

The National Security Risks of Climate Change Policies 

In testimony (p. 7) before a joint hearing (June 25, 2008) of the House Permanent Select 
Committee on Intelligence and the House Select Committee on Energy Independence and Global 
Warming, Dr. Thomas Fingar, Chairman of the National Council on Intelligence (NIC), stated 
that, “Government, business, and public efforts to develop mitigation and adaptation strategies to 
deal with climate change — from policies to reduce greenhouse gases to plans to reduce 
exposure to climate change or capitalize on potential impacts — may affect U.S. national 
security interests even more than the physical impacts of climate change itself”^^ 


Testimony of Dr. Thomas Fingar on the National Intelligence Assessment on the Security Implications of Global 
Climate Change to 2020," before the House Permanent Select Committee on Intelligence and the House Select 
Committee on Energy Independence and Global Warming, on June 25, 2008. 
http://elobalwarming.house.gOv/tools/2a08materials/files/0069.odf 
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Those words provoked the ire of Chairman Ed Markey (D-MA), who demanded to know who at 
Bush’s 0MB inserted that verbiage into Fingar’s testimony. Finger assured Markey that the 
entire testimony, including the offending sentence, reflects the consensus view of the U.S. 
intelligence community, and that 0MB offered no comments on that portion of the 
text, (Incidentally, Fingar’s testimony also said that climate change was “unlikely to trigger state 
failure in any state out through 2030,” and that “the United States as a whole would enjoy 
modest economic benefits over the next several decades largely due to increased crop yields.”) 

Regrettably, Fingar’s testimony did not explain how climate policies might affect U.S. national 
security interests “more than the physical impacts of climate change itself,” nor did he elaborate 
in the back-and-forth with Chairman Markey. In general, the global warming debate lacks 
balance, W'ith climate change risks highlighted, exaggerated, or even invented, and climate policy 
risks denied or ignored. 

Let’s then consider some of the ways climate policies might damage U.S. national security 
interests. 

(1) Gas pains. The Romans used to say that an army travels on its stomach. For the past hundred 
years or so, however, armed forces have traveled on their fuel tanks. In the Afghan and Iraq 
wars, U.S. strategy plays to our comparative advantage in mobile forces.^* Today’s U.S. Amiy is 
the most fuel-intensive in history.^’ 

At recent briefing sponsored by Partners for a Secure America (PSA), Admiral Dennis McGinn 
warned that the end of the current recession would usher in a return to a “volatile cycle of rising 
energy prices,” Oil exceeded $140 a barrel in July 2008, and global demand could push oil prices 
back up to that level, he opined. 

Agreed, But now suppose that on top of that. Congress enacts a cap-and-trade program. Such 
policies are designed to make carbon-based fuels more costly (see p. 2 of former CBO Director 
Peter Orszag’s April 24, 2008 congressional testimony).^* The Heritage Foundation estimates 
that the Waxman-Markey cap-and-trade program would increase motor fuel prices by 58% 
or $1. 38/gallon by 2030.^’ 

Next, layer on top of the price effects of cap-and-trade and resurgent global demand the effects 
of additional supply constraints imposed by other ’’clean energy” policies, such as; 


“ Report by Jessica Leber for E&E on July 20, 2009; http://www.eenews.net/public/climatewire/2009/07 /20/l 
” Robert Bryce, "Gas Pains," The Atlantic, May 2005: httD://www.theatlantic.com/doc/200505/brvce 
“ Statement of Peter Orzag on the Implications of a Cap-and-Trade Program for Carbon Dioxide Emissions before 
the Committee on Finance of the US Senate, on April 24, 2008. http://www.cbo.gov/ftpdocs/91xx/doc9134/04 :24 - 
Cap Trade Testimonv.pdf 

” David Kreutzer, Karen Campbell, William Beach, Ben Ueberman, and Nicholas Loris, The Economic Consequences 
of Waxman-Markey: An Analysis of the American Clean Energy Security Act, Heritage Center for Data Analysis 
Report #09-04, August 6, 2009. http://www.heritage.org/Research/EnergvandEnvironment/cda09Q4.cfm 
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• moratoria on oil and gas exploration in the North Sea,^” the Arctic,^’ and the U.S. Pacific 
coast; 

• carbon tariffs^^ or low-fuel standards^^ that cut off imports of Canadian tar-sands oil; 

• Clean Air Act New Source Performance Standards (NSPS) for carbon dioxide (C02) 
emissions that discourage investments to expand refining capacity;^"* 

• windfall profit taxes that deter U.S. oil companies from developing new supply sources;^^ 
and, 

• prohibitions on the development of oil from the Rocky Mountain shale.^* 

If Congress enacts this green policy wish-list, including cap-and-trade, while global demand for 
petroleum products rebounds, we will all long for the days when gasoline cost 
“only” $4.00/gallon. 

Everybody would feel pain at the pump, including the nation’s largest energy consumer, the 
Department of Defense.” Although Congress would not allow U.S. armed forces to lack fuel in 
combat situations, soaring energy prices would put pressure on DOD to reprogram funds and cut 
fuel consumption - perhaps, for e.xample, by reducing the frequency or scope of training 
exercises. Experts in the field should consider how a policy-induced “energy crunch” might 
impact DOD budgets for training, procurement, salaries, and benefits. So far, there has been no 
public discussion of this. 

(2) Money is the Sinew of War. Economic strength is the foundation of military might. A 
strong industrial base made America the “arsenal of democracy” in two world wars. America 
won the Cold War in part because the Soviets went broke trying to match the Reagan-era defense 
buildup. 

America cannot remain a great power with a second-rate economy. A dynamic economy not only 
supports investment in military forces and high-tech weaponry, it also promotes U.S. leadership 
in the world generally. Conversely, economic stagnation forces painful budgetary choices 


° "Norwegian bishop's proposal for oil moratorium runs into some flak, Ecumenical News International, 23 
Februarv, 2009. http://eni.ch/featured/article.Dhp?id=2759 
As advanced by the Center for Biological Diversity, 

http://www.bioloBicaldiversitv.org/proKrams/public lands/enerev/dirtv energy develooment/oil and gas/index. 
html 

Possibility of carbon tariffs has triggered Canadian concern: http://www.tarsandswatch.org/canada-savs- 
proposed-u-s-greenhouse-gas-tax-would-hurt-trade-lee-anne-eoodman 
Nicola Jones, "Obama may be tough on Canada's tar sands,' published online in Nature, 13 February, 2009. 
http://www.nature.com/news/2009/090213/full/news.2009.103.hlml 
See Washington Energy Report, Troutman Sanders, September 5, 2008. 
http://www.troutmansanders.com/firm/media/mediadetail.3SP»?media=964 
Advocated by non-profits like Public Citizen, http://www.cltlzen.ore/pubiications/release.cfm2iDrr7425 
See press release by the Natural Resources Defense Council, http://www.nrdc.ore/media/200B/080722a.aso 
See Congressional Research Service report by Anthony Andrews, "Department of Defense Facilities Energy 
Conservation Policies and Spending," February 19, 2009. http://www.fa5.org/sgp/crs/natsec/R40111.DdF 
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between guns and butter, and the associated “malaise” can sway public attitudes towards 
isolationism,^* 

Affordable energy is vital to economic growth. The cap-and-traders acknowledge this, sort of, 
when they blame high oil prices for contributing to our economic woes. But they don’t 
acknowledge the inescapable implication: Because cap-and-trade policies are designed to make 
energy more costly, they can chill job creation and growth. 

The Heritage Foundation estimates that Waxman-Markey would reduce cumulative GDP by $9.4 
trillion from 2012 to 2030 and reduce net employment by 1.9 million in 2012 and 2,5 million in 
2035.*’ Similarly, the National Association of Manufacturers/American Council for Capital 
Formation study estimates that, in 2030, Waxman-Markey would lower annual GDP by $419 
billion to $571 billion and reduce net employment by 1.79 million to 2.44 million.’’’ 

All such studies depend on assumptions and are open to criticism. Nonetheless, the potential for 
carbon-suppression policies to weaken the economy by inflating energy prices is undeniable. 
Likewise, the potential for economic weakness to produce military weakness is undeniable. A 
“perfect storm” created by the convergence of Kerry-Boxer, the other anti-oil policies noted 
above, and resurgent global petroleum demand could produce one heck of an energy crunch, 
putting the economy into a tailspin. 

The threat to the U.S. economy may be even greater than the Heritage Foundation’s analysis 
suggests. The Heritage study analyzes the impacts of the bill’s explicit emission reduction targets 
and obligations. However, Title VII, Part A of both bills contain language that could (1) 
encourage C02 tort litigation against businesses smaller than those subject to the cap-and-trade 
program, and (2) pressure policymakers to move the goal posts - amend the legislation to make 
“350 the new 450” and tighten caps. For further discussion of this important issue, see my recent 
column on MasterResource.Org, the free-market energy blog.” 

(3) Threat Multiplier. The global warming movement’s top priority is to stop construction of 
new coal-fired plants’^ in order to reduce global emissions 50%’* or more by 2050”. Yet, 


htto://www.rightwinenews.com/speeche5/carter.php 

^ David Kreutzer, Karen Campbell, William Beach, Ben Lieberman, and Nicholas Loris, The Economic Consequences 
of Waxman-Markey: An Anaiysis of the American Clean Energy Security Act, Heritage Center for Data Analysis 
Report #09-04, August 6, 2009. htto://www.heritaee-ore/Research/EnergvandEnvironment/cda0904.cfm 
"Analysis of the Wasman-Markey Bill 'The American Clean Energy Security Act of 2009', Using The National 
Energy Modeling System," by the National Association of Manufacturers (NAM) and the American Council for 
Capital Formation (ACCF), August 2009. htta://www.accf.org/media/dvnamic/3/media 381.pdf 
Mario Lewis, "Kerry-Boxer: Its Bite Is Worse Than Its Bark,” Masterresource.Org, October 27, 2009, 

http://www.masterresource.0rg/2009/lO/kerrv-boxer-its-bite-is-wor5e-than-its-bark. 

“ See May 5, 2008 blog post at Climate Progress; http://climateprogress.ore/2008/05/05/is-450-ppm-politicaliv- 
possible-part-4-the-most-urgent-climate-policv-isnt-a-co2-price/ 

AFP, "Halve global-warming pollution by 2050, Europe tells summit," September 24, 2007: 

httD://www.turkishpress. com/news. asp?id=195474 

See European Parliament press release, October 23, 2007: 

httD://www.europari.euroDa.eu/5ides/eetDoc.do?pubRef=-//£P/AE XT+iM- 

PRESS+20071022IPR12053t0+DOCtXML+V0//EN 
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banning new coal plants in developing countries could condemn large segments of humanity — 
the 1 .6 billion people who have never flipped a light switch - to decades of deadly energy 
poverty.''^ 

Approximately 90% of the growth in global emissions in the remainder of this century is 
projected to occur in developing ("Non-Annex 1”) countries. 


90 - 



1990 1005 MIO 1015 1050 mS lots 109] 


Source: James Connaughton, Chainnan. Council on Environmental Quality, Energy and Climate 
Policy, December 2007,'’® 

Thus, absent breakthroughs that dramatically lower the cost of zero-emission energy, there is no 
way to achieve the 50% global emissions reduction target without suppressing energy 
consumption and economic growth in the world’s poorest countries. 

Thwarting developing countries ’ aspirations for a better life would not promote stability and 
peace! Global warming policy is potentially a big threat-multiplier. 

(4) Trade war, U.S-China conflict. The EU/UN/Al Gore goal of reducing global emissions at 
least 50% by 2050 will require developing countries to limit their C02 emissions to 1 .3 tons per 
capita (see slide #1 1 of U.S. Chamber of Commerce economist Stephen Eule’s Power Point 
presentation’'^). That’s roughly equivalent to current per-capita C02 emissions in Africa, the 


http://www.openmarket.ore/2009/08/24/policv-pei-il-seement-10-it5-a-mQral-issue/ and 
http://masterresource.Org/7p-4483#more-44a.3 

” http://belfercenter.kse.harvard.edu/files/2007-12-12%20Connauehton%20Presentation%20FINAL.pdf 
Slide 11 can be viewed at: 

http://www.energvxxi.orB/pages/Februarv 2009 Vice President Steve Eule Climate Change Scale and Scop 
e of the Challenge. aspx 
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most energy-starved continent on the planet. Understandably, China, India, and other developing 
countries reject binding limits on their emissions. The question, then, is what kinds of 
inducements would be required to make them join the club of the carbon-constrained. 

One option is bribery'*^ — huge transfers of wealth and technology from North America, Europe, 
and Japan. But in case anyone hasn’t noticed, the world is in a financial crisis, and 
unemployment is high in the United States and other industrial countries. U.S. 
taxpayers would take a dim view of subsidizing Chinese industry in order to send yet more jobs 
to China. Besides, although China and India would be only too happy to take our money, 
they have not indicated that they would return the favor by capping their emissions. 

If carrots won’t work, then sticks — such as the carbon tariffs recently demanded by 1 0 U.S. 
Senators^*^ and French President Sarkozy^’ - would appear to be the only option to 
make developing countries comply. If we go down that path, however, we will continually butt 
heads with China, India, and other important trade partners. China has already threatened to 
retaliate against carbon tariffs with trade sanctions of its own. In all likelihood we would get 
trade war, not compliance.^^ 

Trade wars do not usually lead to shooting wars, but an era of trade conflict with China would 
not be in the U.S. national interest, and disaster scenarios are easily imagined, as my colleague 
Iain Murray points out^^ Example; A Chinese firm refuses to pay the carbon tariff. U.S. port 
authorities refuse to allow the goods to be off-loaded, the Chinese sailors get rowdy, the police 
come, they injure a sailor — bingo, international incident. 

More prosaically, China could simply become less amenable (or more obstructionist) in areas 
where we seek their cooperation, such as sharing intelligence on terrorist activities^'^ and 
restraining North Korea^^ and Iran’s nuclear ambitions.^^ 


See the International Energy Annua! 2006, released by the Energy Information Administration on December 8, 
2008; http://www.eia.doe.gov/Dub/international/iealf/tablehlcco2.xls 
Bjorn Lomborg, "We need to Invest in green technologies, not bribery," guardian.co.uk, 135 February 2009. 
http://www.(omborg.com/dvn/files/news news/106-fi{e/BL%20op- 
ed%20Febr%2015%202009%20China%20and%20lndla.pdf 
Keith Johnson, "Cap and Trade: Ten Democratic Senators Call for Carbon Tariffs," The Wall Street Journal, August 
6, 2009. http://blogs.wsi.eom/environmentatcapital/2009/08/06/cap-and-trade-ten-democratic-senators-cail-for- 
carbon-tariffs/ 

Peggy Holiinger, "Sarkozy calls for carbon tax on imports," Financial Times, September 10, 2009. 
http://www.ft-com/cms/s/a5fb6084-9e32-llde-b0aa- 

Q0144feabdc0.AuthQrised=fa}se.htm!? i location=http%3A%2F%2Fwww.ft.com%2Fcms%2Fs%2F0%2Fa5fb6Q84- 
9e32-llde-b0aa-00144feabdc0.html%3Pnciick check%3Dl& i referer=&nciick check=l 
People's Daily Online, "China: carbon tariff could trigger trade war," July 3, 2009: 
http://engli5h.peopledaiiv.com.cn/90001/90778/90857/90861/6693060.htmi 

http://corner,nationalreview.com/post/?Q=MzhmYWY50WZmNDRiMGUzY2JIYT2kMzgvMGZkZDMzMiM = 

” Shirley A. Kan, "U.S.-China Counterterrorism Cooperation: Issues for US Policy," August 3, 2009. 
http://www.fas-org/sgp/cr5/terror/Rl33001.pdf 
"China and Proliferation of WMD and Missiles," Defense Talk, August 12, 2009. 
http://www.defenceta(k.com/china-and-protiferation-of-wmd-and-missiles-21090/ 
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(5) Nuclear proliferation. At the PSA panel. Ambassador James Woolsey argued 

against sharing nuclear technology with developing countries, even though nuclear power is the 
world’s leading source of zero-emission electricity. This would create a “huge proliferation 
problem”; nuclear must take “big steps” before it is a “reasonable competitor to other options,” 
he said. 

However, if developing countries are denied access to coal-fired power plants, where else are 
they going to get substantial base load electricity, if not from nuclear power? It is difficult to 
imagine developing countries consenting to a moratorium on coal power plants unless industrial 
countries agree to share nuclear technology with them, and pay for it to boot. 

Nothing would spread nuclear technology and fissile materials faster than an effectively enforced 
ban on new coal power plants, especially if the G77 plus China get their wish and industrial 
countries pony up 0,5%-l% of their GDP annually in international "climate assistance.”” 

At a minimum, cap-and-traders should acknowledge that increased proliferation risk is 
a potential consequence of the global warming crusade. 

(6) Europe’s dependence on Russian gas. “Clean energy” advocates decry America’s 
dependence on oil from unfriendly nations, and say we must transition away from oil to win the 
war on terror. 

At the same PSA briefing. Ambassador Woolsey asked the audience, “Who funds terror?” 
Answering his own question, he said: “Look in the mirror the next time you fill up at the gas 
station.” A clever sound bite, if the point is to evoke and manipulate feelings of guilt. You get 
the same look-in-the-mirror answer when you ask, “Who finances 28 million retirement accounts 
in 2,650 federal, state, and local public employee pension funds?”^* 

Woolsey overstates the link between oil and terror, as Jerry Taylor and Peter Van Doren of the 
Cato Institute explain:^’ 

• Although some of the dollars we spend on oil undoubtedly trickle into terrorist 
coffers, “only 15.5 percent of the oil in world markets is produced in nation-states 
accused of funding terrorism.” Presumably, those states fork over only a small fraction of 
their oil revenues to terrorists. “Hence, the vast majority of the dollars we spend do not 
end up on the purported conveyor belt to terrorist bank accounts.” 


^ Jamie Glazov, "The China-Russia-lran Axis," Frontpagemagazine.com, January 22, 2008. 
http://www.frontDagemae.com/readArticie.a5DX?ARTID=29604 
The proposal of China and the 677 for "climate assistance" can be viewed at: 
http://unfccc.int/file 5 /kvoto orotocol/aDDlication/Ddf/e77 china financing l.odf 
Robert J. Shapiro and Nam D, Pham, "The Economic Impact of a Windfall Profit Tax on Federal, State, and Local 
Public Employee Pension Funds," February 2006. http://www.sonecon.com/docs/studies/wpt 02Q6.Ddf 
Jerry Taylor and Peter Van Doren, "The Energy Security Obsession," The Georgetown Journal of Law and Public 
Policy, Summer 2008, Vol. 6, No. 2. http://www.cato.ore/pubs/articles/energv-securitv.ndf 
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• “Regardless, terror is a low-cost endeavor and oil revenues are unnecessary for terrorist 
activity. The fact that a few hundred thousand dollars paid for the 9/1 1 attacks suggest 
that the limiting factor for terrorism is expertise and manpower, not money.” 

• Analyzing data on oil prices and terrorist incidents from 1983 to 2005, Taylor and Van 
Doren found no correlation between Saudi oil profits and fatalities due to Islamic ten'orist 
attacks, and none between Saudi oil profits and the number of Islamic terrorist incidents. 

,4s to the concern about depending on oil from unfriendly countries, Taylor and Van Doren note 
that the OPEC “oil w'eapon” (embargoes, cutoffs) is mostly bluster. Petro states go broke if they 
don’t sell oil, and, because oil markets are global, an embargoed nation can always import oil via 
non-embargoed third parties. 

An energy extortion strategy is more feasible with natural gas. As Taylor and Van 
Doren explain, “sellers have leverage in natural gas markets that is not possible in oil markets 
because oil can be transported easily while gas is shipped through pipelines. Buyers have few 
near-term alternatives if natural gas sellers reduce shipments.” 


Due to the geographically-constrained character of natural gas markets, Europe, w'hich imports 
about 40% of its natural gas from Russia, is far more vulnerable to energy extortion than w'e are. 
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Ten months ago, in the midst of a very cold winter, Russia halted gas exports to Ukraine, thereby 
cutting off nearly all gas shipments to Europe.^ Although Russia claimed it was simply trying 
to resolve a longstanding dispute with Ukraine over gas prices and debts, the cutoff may also 
have been punishment for Ukraine’s pursuit of NATO membership, and a warning to Europe not 
to admit Ukraine into NATO.*' 

Europe’s dependence on Russian gas partly stems from EU global warming policy. The U.S. 
Energy Information Administration (EIA) observes: “Many nations in OECD Europe have made 
commitments to reduce carbon dioxide emissions, bolstering the incentive for governments to 
encourage natural gas use in place of other fossil fuels.’’*^ 

If Europe’s deeds ever match its green rhetoric, and European countries ban new coal plants 
instead of building them,*^ they will become even more dependent on Moscow to keep their 
lights on and their houses warm. 

Although Soviet communism is dead, Russia is not a liberal democracy. Moscow aspires to 
regain Russia’s great power status, and whatever else might be said about Russia, its interests in 
Europe are not identical to ours. Last year, for example, a Russian general threatened to nuke 
Poland, if Warsaw participates in a U.S. missile defense system designed to block attacks by 
rogue nations like Iran.** 

In short, the Russian Bear is not yet tame, Europe’s dependence on Russian natural gas makes 
Europe vulnerable to energy extortion, and regulatory climate policies increase that vulnerability. 
Enacting Kerry-Boxer would only encourage Europe to remain on the potential dangerous 
energy path it has chosen. 

Finally, even on the assumption that oil imports are a menace, cap-and-trade would likely 
increase our dependence on imported petroleum products by reducing investment in the U.S. 
petroleum refining sector. A report** prepared by EnSys Energy for the American Petroleum 
Institute, finds that by 2030, Waxman-Markey would: 

• Significantly increase U.S. refining costs; 

• Reduce U.S. refining volume by up to 4.4 million barrels per day (mbd); 

• Reduce annual U.S. refining investments by up to $89.7 billion (up to an 88% decline in 
investment); 

• Reduce refinery utilization rates from 83.3% to as low as 63.4%; 


Andrew E. Kramer, "Russia Cuts Gas, and Europe Shivers," The New York Times, January 6, 2009. 
http://www.nvtimes.com/2009/01/07/worid/europe/Q7eazprom.html 

*^Tom Lasseter, "10 countries cut off as Russia-Ukraine gas dispute spreads," McClatchy Newspapers, January 6, 
2009. http://www.mcclatchvdc.com/world/storv/59099.html 

“ See chapter 3 of the International Energy Outlook 2009, released on 27 May, 2009 by the Energy Information 
Administrqation. http.7/www. eia.doe.gov/oiaf/ieo/nat eas.html 

^ Elisabeth Rosenthal, "Europe Turns Back to Coal, Raising Climate Fears," The New York Times, April 23, 2008. 
http://www.nvtimes.com/200S/04/23/world/europe/23coat.htmi 

“ "Q&A: US Missile Defence," BBC News, September 20, 2009. http://news.bbc.co.Uk/2/hi/eurooe/67201S3.stm 
‘ Ensys Energy, Waxman-Markey (H.R. 2454) Refining Sector Impact Assessment, August 21, 2009, 
http://www.api.ore/Newsroom/uplo3d/ENSYS W M Briefing Report 2009 8 20.odf 



1218 


18 


• Create competitive advantage for non-U.S, refineries; and, hence 

• Increase U.S. reliance on petroleum product imports. 

(7) Biofueling Disaster. Increased use of biofuels will help break America's oil dependence. 
Ambassador Woolsey asserted. Well, no, it won’t, unless biofuels actually give consumers more 
bang for the buck than gasoline does — in which case there will be no need for the biofuel and 
flex-fuel mandates Woosley advocates. 

For all their fretting about how climate change will undermine U.S, security by intensifying 
world hunger, the PSA panelists uttered not a word about the role of biofuel policies in 
increasing grain prices and world hunger. 

The price of com tripled during 2007-2008, and wheat and rice prices also more than doubled. 1 
don’t usually quote eco-radical George Monbiot, but on this topic nobody said it better: “even 
when the price of food was low, 850 million people w'ent hungry because they could not afford 
to buy it. With every increment in the price of flour or grain, several million more are pushed 
below the bread line.”*’® in 2008, food riots sparked by soaring grain prices broke out in several 
countries and toppled the government in Haiti — the very sort of instability we’re supposed to 
fear from climate change, but climate change had nothing to do with it.®^ 

Although several factors contributed to the surge in grain prices including a weak dollar, high oil 
prices, and increased demand in China and India, biofuel policies were also a factor. According 
to the World Bank, “Almost all the increase in global maize [corn] production during 2004 to 
2007 (the period when grain prices rose sharply) went to bio-fuels production in the United 
States, while existing stocks were depleted by an increase in global consumption for other 
uses.”®* The numbers tell the story: “From 2004 to 2007, global maize production increased by 
51 million tons, biofuel use in the United States increased 50 million tons and global 
consumption for all otlier uses increased 33 million tons, which caused global stocks to decrease 
by 30 million tons.” 

Biofuel policy bid up the price of corn and, since all grains compete for customers and, to a 
lesser extent, land, biofuel policy contributed to grain price inflation generally. The international 
Food Policy Research Institute estimates that during 2000 to 2007, biofuel demand accounted for 
39% of the increase in real corn prices, 22% of the rise in wheat prices, and 21% of the increa.se 
in rice prices.*’*’ A .study published by the World Bank (although not representing the Bank’s 
official position) estimates that 70-75% of the increase in food commodity prices “was due to 


George Monbiot, An Agricultural Crime Against Humanity, Feb. 6, 2007, 

http://www.monbiot.coni/archives/2Q07/ll/06/an-agricultural-crime-a Rainst-humanity/ 

"Riots, instability spread as food prices skyrocket," CNN, April 14, 2008. 

http://www.cnn.CQm/2QQ8/WQRLD/americas/Q4/14/world-food.crisis/ 

Rising Food Prices: Policy Options and World Bank response. World Bank, February 2009. 
htto://siteresources.woridbank.orE/NEW5/Resources/Developmen tcQmminee.ngt.e__AMlMe£ 

Joachim von Braun, Biofuels, Internotianat Food Prices, and the Poor, International Food Policy Research Institute 
(IFPRt), 2008. http://enersv-senate.eov/public/ files/vonBraun TestimonvQ61208.^df 
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biofuels and the related consequences of low grain stocks, large land use shifts, speculative 
activity and export bans.”’“ 

Technological breakthroughs may some day make it possible to produce vast quantities of cheap 
ethanol from switch grass or algae. In the meantime (which could be decades), the potential of 
biofuel mandates to divert ever-increasing quantities of grain from food to auto fuel, inflate food 
prices, and increase world hunger cannot reasonably be denied. 

Now, consider these risks in the context of the EUAJN/Al Gore goal of reducing C02 
emissions to 50% below current levels by 2050. Achieving that goal would require global 
emissions in 2050 to be 38.3 billion tons below the baseline projection, estimates Stephen Eule 
of the U.S. Chamber of Commerce’s Institute for 21® Century Energy.^' 

Achieving just one gigaton or 2.6% of that reduction from biofuels would require biomass 
plantations occupying an area about 5.4 times the total land area of Iowa - about 200 million 
acres, Eule estimates. 

Our supposed ability to “solve the climate crisis” just by scaling up off-the-shelf technologies is 
often discussed in terms of “stabilization wedges,” a concept popularized by Princeton 
researchers Steven Pacala and Robert Socolow. In a widely cited paper, Pacala and Socolow 
outline 15 policy options (wedges) each of which could lower global emissions by 1 gigaton in 
2050 or by 25 gigatons from 2004 to 2054.’^ 

One of the options is to produce 34 million barrels of ethanol a day - ’’about 50 times larger than 
today’s [2004's] production rate, almost all of which can be attributed to Brazilian sugar cane 
and United States corn.” The ethanol wedge, they estimate, would require 250 million hectares 
of high-yield plantations by 2054, “an area equal to about one-sixth of the world’s current 
cropland.” One-sixth of the world’s current crop land! 

It doesn’t take military intelligence to see that “saving the planet” with biofuels could 
significantly reduce the land area available for food crop production. The world is not well fed 
now, and the food and feed demands on farmlands are expected to more than double by 2050.^^ 
The potential for disaster is obvious. 


Donald Mitchell, A Note on Rising Food Prices, The World Bank Development Prospects Group, July 2008. 
http://www- 

wds.worldbank.ore/external/default/WDSContentServer/IW3P/IB/2008/07/28/000020439 20080728103002/Ren 
dered/PDF/WP4682.pdf 

Stephen E. Eule, Ciimote Change: Scale & Scope of the Challenge to Reduce Global Greenhouse Gas Emissions, 
February 2009. http://www.energvxxi.org/images/Uploaded/Ciimate5cale ScopePresentation2-2009.pdf 
'^S.PacalaandR. Socolow, "Review: Stabilization Wedges: Solving the Climate Problem for the Next 50 Years with 
Current Technologies," Science, 13 August 2004, Vol. 305. http://carfaonseauestratiQn.us/Papers- 
presentatjon5/htm/Pacala-SQCQlow-ScienceMag-Aug2004.pdf 
Dennis Avery, Biofuels, Food, or Wildlife? The Massive Costs of U.S. Ethanol, CEi Issues Analyis, September 21, 
2006. http://cei.org/pdf/5532.Ddf 
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Conclusion 

The climate debate suffers from a stupendous lack of balance. The risks of climate change are 
trumpeted, magnified, and in some cases even invented. The risks of climate change policies are 
discounted, denied, and, more frequently, ignored. Yet climate change policies have an 
enormous potential to damage U.S. national security, international stability, and the security of 
the world’s poorest nations. Members of the Committee should ponder these risks before 
deciding their position on the Ketry-Boxer bill. 
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